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INTRODUCTION 


H. A. BROUWER 
Chairman of the Symposium 


When the Geological Section of our Society 
invited me to preside at this Symposium, I wil- 
lingly undertook this task. The title of the 
Symposium is: „Metamorphism and Orogenesis”. 
Evidently, it was not considered necessary to limit 
the lectures exclusively to the relationship be- 
tween these two phenomena. In fact, the titles 
of the papers to be read indicate that in some 
cases this relationship is not even the principal 
subject. 

The fact that metamorphic rocks and granites, 
both in time and in space, are commonly found 
in orogenic zones, and the fact that they are 
connected by numerous gradational rock types, 
has been recognized already at an early date in 
the field. The origin of these rocks and their 


1 Prof. E. Niggli's paper on ”Alpide metamorphism 
in the Swiss Alps” has not been received for public- 
ation. — Editor. 


mutual relation are at present a subject of general 
interest for study, both in the field and in the 
laboratory. Therefore, it is a satisfaction that so 
many have accepted the invitation to contribute 
to this Symposium by preparing a paper. 

Some general remarks may serve as an intro- 
duction. The spatial relationship between meta- 
morphic rocks and regions deformed by moun- 
tain building, and the observation that the rise 
in temperature and static pressure arizing from a 
heavy cover, does not suffice to cause metamor- 
phism, brings the mechanical forces in the fore- 
ground, the deformation being considered to have 
favoured the recrystallization. Both the general 
distribution of parallel structures in metamorphic 
rocks, and the arrangement of newly formed mi- 
nerals with sheety structures, are consistent with 
this last assumption. It may be pointed out, ho- 
wever, that clear examples indicating that move- 
ment and crystalgrowth proceeded synchronously 


86 


are rare. Moreover, one must realize that the 
planes on which the newly formed minerals have 
preferentially grown very often coincide with the 
stratification, i.e. with planes that were already 
present prior to the metamorphism. Further, a 
certain independence may be observed between 
the general structure of a mountain system and 
the metamorphism. If metamorphism took place 
after deformation it should de borne in mind 
that metamorphism may have been influen- 
ced by preceding deformation, as is the case with 
deformed metals, which, when heated are found 
to be more liable to crystallization than non-de- 
formed metals. The partial independence of de- 
formation and metamorphism, combined with the 
gradational relationship between cıystalline 
schists and granitic rocks, indicates that there are 
other factors which influence metamorphism. For 
example, metamorphism may be favoured by the 
rise of chemically active vapours and liquids, 
which may have taken place before, during, and 
after the main phase of deformation to varying 
height within the crust, either alone, or during 
deformation in cooperation with this deforma- 


tion. There also exist differences of opinion, as to 
the importance of physical and chemical factors 
for explaining metamorphic phenomena of a 
more local character. 

It would seem that during this Symposium, 
we may expect to hear important communica- 
tions on these and other aspects of the metamor- 
phism. While drawing up the program, an at- 
tempt has been made towards a grouping of the 
various papers, in order that more or less rela- 
ted subjects might be dealt with in succession. 
Some speakers will discuss specific regions, with 
special reference to the problems of time and 
space. Others will speak of the relations between 
magmatic activity, and the role, age and place 
of acid and basic intrusions. Again others will 
discuss the formation of specific metamorphic 
rock types, by comparison in time, or by regio- 
nal comparison. Lastly, certain subjects will be 
dealt with from a purely theoretical angle. 

We may expect that these various lectures will 
lead to a fertile discussion, and so doing contri- 
bute to the solving of these problems of pre- 
sent interest. 
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OROGENY AND MAGMATIC ACTIVITY IN THE 
PALEOZOIC OF THE PYRENEES 


L. U. DE SITTER1 


SUMMARY 


Two distinctive granite phases both belonging to 
the Hercynian orogeny of the Pyrenees are described. 
An earlier leucocrategranite phase of a syntectonic 
character, occuring as folded conformable sills and 
laccoliths is followed by a late tectonic biotite-granite 
batholithic phase. Some rocks of an intermediate 
character occur in the migmatites which accompany the 
syntectonic phase. An initial phase is lacking, a post 
tectonic volcanic phase is represented by Permian 
volcanic rocks. 


INTRODUCTION 


The clear distinction between the granodioritic 
batholiths and stocks, and the gneissic leucocrate 
granites of the Pyrenees is due to Raguin (1938a, 
1938b, 1946). Misled by the curious fact that the 
gneisses are totally restricted to the Ordovician 
or Infra-Ordovician, Raguin originally believed 
them to represent a Caledonian orogeny in 
contrast with the clearly Hercynian age of the 
granodiorites or biotite-granites. Hupe (1947, 
1951) pointed out, however, that the thermal 
metamorphism of the gneissic granites reached 
much higher-up, into the Devonian at least, and 
Raguin rallied to his view that both belonged 
roughly to the same Hercynian orogeny. All- 
though many of the batholith contacts with 
Carboniferous rocks on the 1 : 80.000 sheets of 
the geological survey maps were proven to be 
erroneous by the recent survey (de Sitter, 1951) 
— supposed Carboniferous rocks being either 
Devonian or Ordovician —, it remains nonethe- 
less true that a few of these batholiths really reach 
with their contact aureole into the Carboniferous. 

The relative age of the two main types of 
granites is more difficult to establish as they 
seldom occur in closely related positions. A 
recent survey by Nieuwenhuys (1954) in the 
Massif of the Trois Seigneurs, found, in accord- 
ance with the survey map, that there a biotite 
granite is located in the midst of a migmatite 
with concordant gneissic sills. As the migmatis- 
ation is everywhere closely connected and con- 
temporaneous with the leucocrate granite ın- 
trusion there can be little doubt that the biotite- 
granite batholiths are younger than the granite- 
gneiss. 


1 Geological Institute, University of Leiden. 


Allthough the ages of the two phases of 
magmatic activity are thus roughly established, 
their more precise relation to the stratigraphy is 
still a matter of conjecture. 

The stratigraphic sequence of the Upper 
Paleozoic is perfectly conformable since the 
Ordovician and shows as a first indication 
of the Hercynian folding a few local coarse 
limestone conglomerates in the Upper Devonian 
(de Sitter, 1954) and a hiatus comprising the 
Tournaisian in the Carboniferous. At the base of 
the Carboniferous Visean cherts are followed by 
a Westphalian Culm facies. In the basal beds of 
the Westphalian pebble beds or conglomerates 
occur in several places. (Aude, Valle du Jueu, 
Cerdafia). They contain, besides quarzite pebbles, 
a certain amount of pebbles of metamorphic and 
gneissic rocks probably belonging to the Pre- 
Cambrian. The main folding phase occurred 
higher-up in the Westphalian. In view of these 
facts one is justified to assume that already in. 
the Upper Devonian some erosion took place in 
connection with a general withdrawl of the sea 
at the start of the Carboniferous over a large 
area comprising the Montagne Noir (Ge&ze, 1949), 
the Asturian Mountains and the coastal Mount- 
tains of Cataluna. The transgression of the Visean 
was immediately followed by local upheavals in 
the Pyrenees and by a true folding phase in the 
coastal chain north of Barcelona (Malgrat, cf. 
Fontbote, 1954), where the Carboniferous rests 
unconformably with a basal conglomerate, on the 
Silurian. In this region the Westphalian conglo- 
merates contain pebbles of a leucocrate granite 
which is thought to be identic with a granite 
described by van der Sijp (1951) in the Mont- 
seny region. This leucocrate granite is also older 
than the biotite-granite batholiths of this region. 

In the Pyrenees proper we find right on the 
axis of the axial zone, a continental facies of the 
Carboniferous, quite different from the marine 
facies in the southern and northern marginal 
zones. Apparently this continental facies rests 
unconformably on the lowest Devonian lime- 
stones indicating that an epeirogenetic upheaval 
of the axial zone occured in the Lower Carboni- 
ferous, which persisted throughout the Carboni- 
ferous. With this evidence from widely dispersed 
origin one would be perhaps tented to assume 
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that even in the Pyrenees the leucocrate-granitic 
intrusive phase belongs to the Visean, and the 
batholiths to the Middle Westphalian, but the 
evidence for such exact age determination is not 
very convincing. Let it suffice for the moment 
that evidence from different sources points to a 
leucocrate-granite magmatic phase followed by 
a granodiorite magmatic phase, both in the 
Carboniferous. Both magmatic phases belong to 
the Hercynic orogeny of the Pyrenees but each 
possesses its own particular relationship to this 
orogeny. 


THE SYNTECTONIC LEUCOGRANITES 


The leucocratic phase, which has been des- 
cribed extensively by H. J. Zwart (1954) belongs 
essentially to a syntectonic phase. It has caused 
an extensive migmatisation and its emplacement 
is in general parallel to the bedding, either as 
laccolithic bodies or as sills. It is characterized by 
a multitude of pegmatite dykes which again have 
penetrated conformably with the bedding and 
are folded with the strata (fig. 1). 

One of the most striking pecularities of the 
occurence of these leucocrate-granites is that they 
overlie migmatites, the latter consisting mainly 
of felspar and sillimanite-gneisses which in their 
turn are surrounded by micaschists, with the 
result that in a vertical section one may have 
in descending order: 


sericite schists 

biotite schists 

leucogranite with gneissic texture 
migmatite 

micaschist. 


Both in the Massifs of the Montcalm and 
St-Barthelemy the leucocrate-granite occurs as a 
thoroughly gneissificated granite laccolith, which 
in the Massif de Montcalm even becomes an 
”Augengneiss”. Destombes and Raguin (1953) 
consider this augengneiss as an "embrechite”, a 
term which indicates their belief that it is a 
granitisized sediment. Its frequent transitions to 
an ordinary muscovite granite, its sharp boun- 
dary with the migmatites its well developed 
pegmatitic and aplitic phase, its unvariable 
character both from a mineralogic and a chemical 
point of view gave Zwart all the arguments in 
hand to sustain its magmatic and intrusive origin 
which does not exclude an original granitization?. 

The migmatites contain several homogenous 
rock types which either might be products of 
recrystallisation of the original sediments or 
intrusives of a different composition. Zwart 


2 For a detailed description of the accompanying 
migmatites, we refer the reader to Zwart's thesis; a 
short summary has been given by de Sitter (1954). 


xx Pegmatite 


Schists & 


Fig. 1 — Outcrop of folded pegmatite conformable 

with bedding, Ordovician of Upper Rio Barrädos, Valle 

d’Arän, Spanish Central Pyrenees. Drawn after a 
photograph. 


(1954) prefers the purely sedimentary origin of 
all of them and has good arguments in favour of 
his theory. 

When the leucocrate-granite intrusions become 
smaller they tend to be mixed up more and more 
with the migmatites and it seems probable that 
a thorough tectonization may finally lead to a 
kind of granitization. This problem, however, 
has not yet been worked out. 

A remarkable feature of the whole migmatiz- 
ation process is that neither the leucocrate-granite 
nor the migmatization ever reaches beyond the 
top of the Ordovician, although the Silurian, 
Devonian and Carboniferous rocks certainly 
covered the Ordovician when the process took 
place. It seems probable that the restriction of 
this magmatic phase to the lower reaches of the 
Paleozoic has a purely structural reason. 

All over the Pyrenees the Ordovician is 
separated from the Devonian by a roughly 200 m 
thick layer of very plastic, incompetent black 
shales representing the Silurian. Hence, the 
compression of the Ordovician is structurally of 
a different type than that of the Devonian, the 


Silurian acting as a detachment plane. The 
Ordovician became strongly compressed and 
arched in large domes, covered by independent 
isoclinal folds of the Devonian. Apparently this 
structural difference of the two stratigraphic 
units caused also the restriction of the syntectonic 
granite to the lower unit. 


The shear-planes of this lower masse were 
independent of the upper structure and became 
the conduits for the intrusive magma, thus 
keeping the latter enclosed in its own mass. 


The description of the rapid alternation of 
granite and micaschists or migmatites which 
results from this mechanism is particularly clear 
in a paper by Raguin and Destombes (1948). 

A very similar arrangement has been reported 
from Brittany where the syntectonic granites and 
gneisses are restricted to the Eocambrian 
(Brioverian) and the late tectonic granites pere- 
trate into the Carboniferous, although both are 
of a Hercynian age. 

A zoning of metamorphism round the in- 
trusion is always very clearly expressed. From the 
inner zone of sillimanite-felspar gneisses one 
passes into the biotite-schists and from these to 
sericite-schists and finally to slates. 

Garnet is present in the biotite zone; 
andalusite, sometimes of very large dimensions, 
reaches into the biotite zone but sometimes not 
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as far as the top, sometimes beyond it (it is 
altogether absent in the St. Barthelemy mass but 
frequent in other masses, Montcalm, Bosost) 
staurolite and cordierite are generally present and 
occur in the less metamorphic zones, sometimes 
together with andalusite. Hornblende, diopside 
and clinozoisite are frequent in the calcareous 
rocks of the inner zone. 

A classification of theses zones according to 
facies types encounters serious difficulties, arising 
from the fact that stress minerals occur in a con- 
tact aureole. (Staurolite together with andalusite 


‚for instance.) This fact is explained by the dual 


character of the metamorphism which is a 
combination of dynamic and thermal factors. 
There is some indication that the tectonization 
started before the thermal metamorphism and 
the intrusion of the syntectonic granite. The non- 
stress mineral andalusite has been formed in the 
micaschists independent of the schistosity and in 
the centre of the syntectonic sills of Luchon 
occur hornfelses which most probably represent 
a thermal metamorphism of the surrounding 
gneisses (v. d. Meer Mohr, 1955). It seems logical 
to explain these facts by a later thermal front 
rising to a higher level than the original dynamic 
metamorphism’®. 


3 The importance of the andalusite-staurolite asso- 
ciation was brought forward during the symposium. 
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THE BATHOLITHS 


The granodioritic batholiths distinguish them- 
selves from the syntectonic leucogranites by 
several features. First of all their composition is 
very homogenous and is characterized by the 
absence of muscovite. Secondly they form great 
masses and smaller stocks which are distincly 
discontinuous with the Paleozoic structure. Third- 
ly, they are not tectonized except on definite 
faultlines of either very late Paleozoic or Upper 
Cretaceous-Tertiary age. In the fourth place they 
are not connected with any migmatization or 


granitization of the surrounding sediments except. 


an occasional narrow zone of very frequent 
granite dykes round the main body as on the 
northern contact of the Riberot stock. Their 
contact-aureole is of a purely thermal character, 
hornfelses and contact-metamorphic limestones 
with garnets etc. (Lacroix, 1898, 1900). 

The completely different aspect of these granite 
bodies as compared to the leucocrate-granite is 
due to their particular mechanism of intrusion. 
Whereas the acid granites penetrated more or less 
passively into the country rock during — and 
with the assistance of — tectonic deformation, 
the batholiths had to shoulder their way into an 
already folded complex. There are numerous 
instances of this active role of the intrusion 
mechanism. 

The Lacourt granite has created an extra fold 
in the main syncline of the Arize Massif (fig. 2) 
(cf. Keizer, 1954). 

The granite stock of Foix has caused a dome 
in its cover, which still finds its expression by 
the deviating formation contours on its western 
boundary (fig. 3). A very striking example forms 
the Marimafa stock (fig. 4) which caused a 
multitude of small wrinkles and folds on its 
boundary besides its general doming effect. It 
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Fig. 3 — The dome of Ordovician round the intrusive 
mass of the granite stock of Foix. 


has moreover the curious property to be almost 
entirely surrounded by a single limestone horizon 
— the Caradoc limestone. Apparently its emplace- 
ment was partially effected by stooping, the 
limestone being particularly unpalatable for the 
devouring granite. Limestone is one of the typical 
”resisters” described by Read. 

Not all the granites, however, have caused 
doming or are intruded in anticlines. The Trois 
Seigneurs granite for instance has found its 
present position in a syncline. It represents the 
broken off nose of a much larger batholithic 
granite — the Bassies-Auzat granite — which, 
seen from a general point of view, has been 
intruded into the northern flank of the large 
Montcalm Arch. 

In this broad flank, described by Allaart (1954) 
it caused several secondary folds, both on its 
northern and southern boundaries, with which 
the above mentioned syncline is probably 
connected. 

None of these granite stocks are situated on 
prominent faultlines, neither is their alignement 
in certain zones very clear. It is true of 
course that the big Maladeta batholith is followed 
towards the east by the Marimana stock and the 
Bassies-Auzat mass and its broken off nose — 
the Trois Seigneurs stock —, a string of granite 
intrusions, parallel to the main Hercynian trend 
of the Pyrenees and bound to a central core of 
outcropping Ordovician. Another and parallel 
string is formed by the Foix and Lacourt granites 
in the Arize massif, but the Erce, the Las Bordas 
and Riberot stocks are definitely not on any of 
those lines. 


OTHER INTRUSIONS 

Apart from these two distinctive types of 
granite Intrusion some magmatic activity is 
transitory between the two extremes. The strong- 
Iy tectonized acid granite of the Montcalm region 
carries at various points outcrops of a finer 
grained and apparently less tectonized muscovite 
granite of even more leucocrate composition. 
Moreover a non tectonized mass of muscovite 
granite has been found by Nieuwenhuis (1954) 


west of the Trois Seigneurs Mountain. Its study 


and that of other smaller masses is still pursued. 
On the other hand the syntectonic granite of Lys, 
as described by Raguin and Destombes (1948) is 
a biotite-granite. 

Besides the laccoliths, sills, batholiths and 
stocks of the two principal granites, a series of 
smaller outcrops of different kind of rocks are 
known. Small outcrops of granite in the Val 
Burat have been mentioned by Raguin (1946a). 
Dykes of quartzdiorite and diorite-porphyrites in 
the Carboniferous, often ressembling arkoses in 


the outcrops, have been mentioned by Keizer 
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Silurian of the Garonne and Pique valleys 
(1954) from the Massif d’Arize and by Zwart frequent aplitic dykes have been reported 
(1954) from the Massif de St. Barthelemy. They (Raguin, 1946b; Destombes and Vaysse, 1947). 
do not seem to be tectonized and probably belong Those of the Pic de Paragrano (Raguin) are 
to a later phase of the biotite-granites. believed to be even supracrustal rocks extruded 
In the Valle d’Arän, on the Spanish side of on the boundary between the Ordovician and the 
the Pyrenees, porphyrites have been found which Silurian. We have not yet checked this occurrence 
are strongly tectonized, and are thought to belong in the field, but we found that the Ordovician 
to the earlier type of intrusion. Their study is between the Valle d’Arän and this mountain is 
still in progress. full of aplitic dykes of the same character as 
From the Ordovician and even from the those of the Pique Valley. 
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Fig. 4 — The Marimana granite stock surrounded by Caradoc limestone. 
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The pegmatites of the leucrocate-granite are 
often very numerous, they are mostly not tecton- 
ized, but some of them are schistose. Fig. 1 shows 
a strongly folded pegmatite, in which even a close 
inspection fails to show any schistosity or other 
traces of shearing. 


POST-TECTONIC VOLCANISM 


The post-tectonic vulcanism is represented by 
Permian volcanites, which are found exclusively 
in the southern margin of the Pyrenees and only 
in the central portion. (Boissevain, 1934; Dalloni, 
1930). They are of the usual andesitic type and 
perfectly comparable to those of the Southern 
Alps. Their study is not sufficiently advanced to 
prove their consanguinity with the late granitic 
phase as has been done in the Southern Alps (de 
Sitter and de Sitter-Koomans, 1949). Neither do 
we know where the vents of this volcanic activity 
are situated. 


CONCLUSION 


As a whole the Hercynian Pyrenees present an 
almost classical example of the succession of 
magmatic phases in a Mediterranean orogene. Of 
the four phases of Stille, only the initial, geo- 
synclinal phase of basic igneous and volcanic 
rocks is missing, but the syntectonic and the late 
tectonic granite phases and the post-tectonic 
volcanic phase are well represented. The in- 
dependence of the initial phase from the granitic 
phases is once more demonstrated by our 
Pyrenean example. 
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DISCUSSION 


Prof. MACGILLAVRY (Amsterdam) remarks that the 
Sintra granite, Portugal, is conformably overlain by 
Jurassic limestone, on which it has induced metamor- 
phism. The pluton has raised the overlying Jurassic 
into a dome. The behaviour of this granite therefore 
resembles that of some of the late-tectonic granites of 
the Pyrenees. The Sintra granite, however, is Practic- 
ally nontectonic. There has been but very little 
tectonic movement after deposition of the Jurassic. 


Prof. DE SITTER replies that the atching connected 
with the Sintra granite intrusions can be compared 
with doming of the late-tectonic Pyrenean granite. The 
extra folding round these latter granites has another 
origin, which he regards as a 'shouldering aside’ by 
the granite of the host rock, a kind of diapyric action. 


Dr. SCHÜRMANN inquires whether inclusions of the 
older (syntectonic) granites have been found in the 
younger granites. 


Prof. DE SITTER answers that in general the younger 
granites are very homogeneous. Their outer zone often 
contains remnants of the surrounding rocks and 
brecciated products of their own marginal different- 
iation. He has no definite information on older granite 
xenoliths in the younger granites. 


Dr. EGELER (Amsterdam) asks whether, to the 
opinion of Prof. de Sitter, the shouldering aside of 
the intruded series by the younger granodiorites is 
largely sufficient to explain the room needed for the 
intrusion. Or is the major pattern one of discordance? 


Prof. DE SITTER states that the general pattern is 
not. so much discordant for the larger batholiths, but 
that the smaller stocks are generally frankly discordant. 
The evidence of the limestone fringe round the 
Marimafna Mass and the Maladeta Mass indicates 
perhaps, that overhead stoping, which had been 
stopped by the resisting limestone, is nevertheless an 
important factor. It is difficult to evaluate the relative 
importance of each factor. 


Dr. Künpıs (B.P.M.) inquires whether the tectonical 
deformation of sedimentary roofs on intrusive bodies 
should not best be explained by diapyric reaction of 
the intrusive rocks upon internal stress. Where such 
stress is absent no deformation would take place. Both 
cases are known (NW-Madagascar, Venezuelan Andes). 
The intrusion mechanism in its initial phase would be 
granitization. 


Prof. DE SITTER states that, as far as the field 
evidence in the Pyrenees goes, there might perhaps be 
an indication of granitization in connection with the 
migmatites, but certainly not as far as the batholiths 
are concerned. The latter are truly intrusive; the 
mechanism of their intrusion can certainly be described 
as a kind of diapyrism combined with overhead 
stoping or some other non-mechanical process. Whether 
the granodiorite originated at much greater depth as a 
product of granitization, can not be judged on the field 
evidence. 


Mr. PALM (Utrecht): Has ever a certain transform- 
ation of the andalusite into sericite been observed, 
with increasing proximity to the contact, this with 
regard to what has been said by Prof. de Sitter about 
an andalusite zone bordering the syntectonic granites? 
If so, does this perhaps suggest a later metasomatic 
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activity of the granite, causing the transformation of 
andalusite in to a mass of sericite, like observed on 
several granite contacts in the Cevennes (France) ? 


Prof. DE SITTER: The answer is no. Andalusite is 
definitely the latest mineral of the metamorphism; it 
is not tectonized. Whereas the biotite always shows 
parallelism to the schistosity, the andalusite growth is 
independent of the tectonization. The same is true in 
Scotland for instance. Thermal metamorphism lasted 
longer than dynamicmetamorphism. 


Mr. ToBI (Leiden) inquires: (1) whether there is 
a difference in age between the tectonic phase of the 
'syntectonic granite’ and that of the folding in which 
Carboniferous has participated; (2) whether there is 
a congruency between microfolding in the "migmatites’ 
and macrofolding in the Devonian-Carboniferous, and 
(3) whether there is a possibility that the granite domes 
existed already before the folding of the Devonian- 
Carboniferous. 


Prof. DE SITTER replies that the first question, 
though only briefly mentioned in his lecture, has been 
discussed at some length in his paper. As to the second 
question, there certainly exists a general parallelism 
between the micro- and macro-folding in the Lower 
Paleozoic and that in the Upper Paleozoic. As to the 
third question, Prof. de Sitter does not think this 
possible. The smaller stocks are mostly completely 
discordant, the larger batholiths less so, not because 
they are earlier, but simply because their intrusion 
forced the surrounding rocks to a certain parallelism 
in folding with their boundaries. It is true, of course, 
that a discordant position in itself is no proof of the 
late- or post-tectonic intrusion, but the Pyrenean field 
evidence is nevertheless pretty conclusive. 
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INTRODUCTION 


La region entre la petite ville de Mangualde 
et le Douro, dont nous presentons une descrip- 
tion preliminaire dans cet article, englobe les 
territoires couverts par les feuilles 134, 135, 144, 
146.0154,.136,157..2169,.166, 107... 177,178, 
188, et 189 de la Carte Militaire du Portugal, 
a l’echelle de 1 : 25.000. Les leves geologiques 
du terrain furent ex&cutes au cours des annees ’50 
-1954 par les licencies en geologie designes ci- 
dessus comme collaborateurs de l’auteur. La si- 
tuation generale des terrains Etudies est indiquee 
par la figure 1, leur repartition parmi les sta- 
giaires de l’Universite d’Amsterdam par la figure 
2. La planche I donne les resultats du travail, qui 
reste encore inacheve, raison pour laquelle il y 
a lieu de considerer cette carte comme suscep- 
üble de corrections quand notre materiel aura 
subi une @laboration finale. 


En presentant ce premier apercu des travaux 
geologiques de g&ologues hollandais au Portugal, 
il nous convient d’honorer en premier lieu la 
memoire de M. Antonio Vianna, ancien chef 
du Service Geologique du Portugal, qui nous 
autorisa A venir faire des Etudes geologiques dans 
son pays, et d’exprimer ensuite notre gratitude 
envers M. Antonio de Castelo Branco, son 
successeur, pour l’appui qu’il nous a prete conti- 
nuellement au cours de nos sejours en Lusitanie. 


Les travaux recents de nos confreres portu- 
gais ainsi que nos leves systematiques ont mis 
au jour que la structure geologique de la region 
Eetudiee par nous differe A certains Egards de la 
representation donnee par la Carte Geologique du 
Portugal, a l’Echelle de 1 : 500.000, composee 
par les Eminents geologues J. F. N. Delgado 
et Paul Choffat (1899), sur laquelle les limi- 


! Au texte originel de cet article, ainsi qu'il fur 
redige pour le symposium, ont &t& ajoutes quelques 
passages nouveaux en vertu de nouvelles observations 
faites par M. Oun Ing Soun et par l’auteur au cours 
de l’ete de 1955, et du progres de l’examen Petro- 
graphique. 


= Institut Geologique de l’Universite, Amserdam. 


3 Une nouvelle discussion A propos de l’äge de cette 
formation sera presentee par Schermerhorn (1956c). 


tes des unites lithologiques sont en general bien 
tracees. On constata (Carlos Teixeira, 1955a) 
que le Precambrien et l’Archeen de Delgado 
et Choffat representent principalement des 
facies m&etamorphiques de leur Cambrien (Cb}), 
tandis que, d’autre part, il y a lieu de douter se- 
rieusement de la comparabilite de leur Cb,, tou- 
jours sans fossiles, avec le Cambrien fossilifere 
du Portugal, date du Georgien (Teixeira, 
1953). Teixeira prefere dater les schistes et 
grauwackes ante-ordoviciens du Nord du Portu- 
gal, qui occupent des espaces Etendues entre des 
massifs de granites, de !’Infracambrien ou Algon- 
kien (1955a, pp. 42, 43). Ensuite, nos recherches 
ont demontre que les granites de la carte de 1899, 
indiques par une couleur, appartiennent A deux 
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Fig. 1 — Situation generale des terrains &tudies. 


ensembles principaux de roches &ruptives; le pre- 
mier d’äge ante-stephanien, et le second d’äge 
post-stephanien. La premiere phase d’intrusions 
produisit des massifs syntectoniques et en gran- 
des lignes concordants; la seconde des massifs de 
granite discordants et recoupant le Silurien (l’Or- 
dovicien) et le Stephanien (voir aussi Teixeira, 
1954a, pp. 30-39; 1955a, pp. 38, 39). Ce sont 
les granites de la deuxieme phase qui sont les 
roches mere des gites d’etain, de tungstene, et 
d’autres metallisations dans le Nord du Por- 
tugal. Il se trouvent entoures par des aureoles de 
metamorphisme de contact (corneennes, schis- 
tes @ chiastolite, schistes tachetes, etc.), tandis 
que les granites ante-stephaniens sont intime- 
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tinguer les formations sedimentaires suivantes: 

l) Stephanien Moyen: schistes A couches de 

charbon (dans certaines regions) et grauwackes, 
ayant ä la base des lentilles &parses de conglome- 
rats et de breches portant le caractere de cönes 
de dejection. 
2) Silurien: schistes llandeliens ayant A la base 
une serie skiddavienne avec abondance de quart- 
zites, et, en outre, un developpement local de 
lambeaux de schistes gotlandiens. 

3) Algonkien ou Infracambrien: une serie du 
caractere du Flysch alpin composee de phyllades 
et de grauwackes avec intercalations de conglo- 
merats de quartz. 

Le Silurien et le Stephanien se trouvent 
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ment lies A des zones assez €tendues de schistes 
ayant subi un metamorphisme regional. 


LES FORMATIONS SEDIMENTAIRES ET 
LEURS DEFORMATIONS PAR LES MOUVE- 
MENTS OROGENIQUES 


Dans la region consideree il y a lieu de dis- 


epargnes par l’erosion dans un synclinal forte- 
ment comprime, a structure complexe, era flancs 
plus ou moins verticaux entre les schistes de la 
serie infracambrienne-algonkienne. Ce synclinal 
se poursuit, en direction SE-NW, de la region de 
Queiriga dans la province de Beira Alta Jusque 
dans la region A l’Est de Porto dans la province de 
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Douro Litoral. Un autre pli synclinal, occupe par 
du Silurien (Ordovicien, vers le NW egalement 
du Silurien Superieur), s’etend en direction SE- 
NW, au NW de Sobrado de Paiva. 

L’äge du Stephanien Moyen est date par des 
collections de plantes fossiles prelevees princi- 
palement dans les mines de charbon de la region 
voisine du Douro: Säo Pedro de Cova, Germunde, 
Pejäo, etc. (Teixeira, 1954a, pp. 18-24). Les 
breches et conglome&rats de base du Stephanien, 
qui constituent des lambeaux discontinus, con- 
tiennent des galets de quartzites ordoviciens et 
de schistes ante-siluriens A l’Ouest du granite de 
Castro Daire. Au Nord de Satäo, pres de Queiriga, 
on rencontre egalement des galets de granite pro- 
venant des massifs de granites ante-stephaniens. 
Ailleurs, par exemple dans la region de Säo Pe- 
dro de Cova, on a trouv& dans le complexe des 
breches stephaniennes des blocs de granite et de 
pegmatite, des blocs de conglome£rat silicifie, des 
fragments de gneiss, et, en outre, des cristaux 
roules de staurolite, de chiastolite, et de disthene 
derives des schistes cristallins (Teixeira, 1954a, 
PSZP) 

L’existence d’une discordance entre le Stepha- 
nien et I’ Ordovicien sous-jacent se trahit, outre 
par la grande lacune stratigraphique entre ces 
deux series, par l’absence totale d’un flanc meri- 
dional de quartzites ordoviciennes le long du syn- 
clinal paleozoique dans la region entre la con- 
fluence des Rios Paiva et Paivo et le Rio Douro, 
ou le Carbonifere Superieur se trouve en con- 
tact immediat avec l’Ante-ordovicien. D’une meme 
facon, on rencontre des conglomerats du Ste- 
phanien reposant sur les schistes de la serie infra- 
cambrienne ou algonkienne dans l’Est de notre 
region, entre Cota et Möes. La ressemblance des 
breches et conglom£rats de la base du Stephanien 
avec d’anciens cönes de dejection contenant du 
materiel mal assorti indique que la serie houil- 
lere fut deposee dans un bassin lacustre A rivages 
escarpes de quartzites ordoviciennes et de schistes 
ante-siluriens d&ja redresses par des mouvements 
orogeniques anterieurs A la periode stephanienne. 
Les mouvements post-stephaniens creerent un 
synclinal extremement serre, dans lequel les mar- 
ques visibles de la discordance entre Ordovi- 
cien et Stephanien furent obliterees par la com- 
pression laterale. 


Le Silurien, constitue en premier lieu par de 
l’Ordovicien, se compose principalement de 
schistes du type des phyllades ou ardoises peu 
metamorphiques, qui contiennent A la base des 
horizons Epais de quartzites. Ces quartzites se 
distinguent a la presence, dans certains lits, de 
pistes denommees Bilobites, tandis qu’au-dessus 
des quartzites on trouve parfois des trilobites, 


des brachiopodes, des graptolithes, et des pelecy- 
podes. D’apres les recherches de M. M. Cohen, 
Kluiving, Sluyk, et Schermerhorn, le flanc nord 
le la structure synclinale dans ’Ordovicien entre 
Queiriga et le Douro s’est montre fossilifere aux 
localites suivantes: 


ı. dans la courbure du Douro immediatement au 
NW de la mine de charbon de Germunde; 

2. A environ rooo m & J’Ouest de la chapelle Säo 
Adriäo, A P’Est de la route d’Arouca & Sobrado de 
Paiva; 

3. & 250 m au SSE du Mont Galinheiros au Nord 
d’Arcoua, entre le Mont Galinheiros et le Rio 
Paiva; 

4. & 300 m au SSE du Mont Galinheiros; 

5. A, respectivement, 600 et 650 m a /’ESE de 
Mialha, entre Arouca et Canelas; 

6. dans la Serra da Ameixiosa, au SSE du Mont Pe- 
dra de Agua; 

7. ä environ ı2z5o m & l’ESE du village Covas do 
Rio, au Nord du Mont Säo Macario; 

8. A 3600 m & l’Est de Cota, du cöte est du granite 
de Castro Daire. 


Dans le flanc sud de l’Ordovicien dans la m&me 
structure synclinale, qui se trouve developpe uni- 
quement au SE de la confluence des Rios Paiva 
et Paivo, M. M. Sluyk et Schermerhorn rencon- 
trerent de l’Ordovicien fossillifere: 

9. ä 350 m au SE de Janarde, sur la rive gauche du 

Rio Paiva; 
ıc.au Sud de la Ribeira de Deiläo; 
ı1.a 75o mä l’Est de Covas do Monte (au SE de la 

localit€ 9, au NW du Mont Säo Macario); 

12.4 2400 m & l’Ouest de Cota, du cöte est du gra- 
nite de Castro Daire. 

La localit€ 1 a fourni des Didymograptus et 
des brachiopodes, tandis que dans le mat£riel 
provenant des autres endroits enumeres ci-dessus 
M. le Professeur Decio Thadeu de I’Instituto 
Superior Tecnico de Lisbonne, que nous remer- 
cions, ici, bien chaleureusement pour avoir voulu 
entreprendre l’examen paleontologique de notre 
collection de fossiles ordoviciens du synclinal de 
Beira Alta, a reconnu les familles, genres, et es- 
peces suivants, d’apres le rapport qu’il a voulu 
nous soumettre: * 

Localite 2: 

Synhomalonotus tristani (Brogniart) 

Localite 3: 

Pseudobasilicus ? nobilis (Barrande) var. candicnlatus 
Born 

Pseudobasilicus ? nobilis (Barrande) 

Synhomalonotus tristani (Brogniart) 

ae bohemicus (Perner) var. arouguensis Tha- 
deu. 

Hemigyraspis cf. glabrata (Salter) 

Colpocorypha cf. aragoi (Rouault) 

Orthis cf. calligramma Dalman 

Asapidae, Calymenidae, autres trilobites, et brachio- 
podes non-classifiables 


* Voir aussi la note recente de Thadeu (1955) sur 
la paleontologie du Silurien beiro-durien. 


Cette faune est datee du Llandeilien. 
Localite 4: 


Synhomalonotus tristani Brongniart? 
Didymograptus cf. bifidus (Hall) 

Orthis cf. calligramma Dalman 

Trilobite, graptolithes, et brachiopodes non-classi- 


fiables 


Cette faune appartient peut-etre au Llanvir- 
nien. 


Localite 5: 
Trilobites non-classifiables 
Localite 6: 


Illaenidae, autres trilobites, et brachiopodes indeter- 
minables 


Localite 7: 
a. dans les quartzites A la base de l’Ordovicien: 
Crusiana furcifera d’Orbigny 


Crusiana goldfussi (Rouault) Lebesconte 
Crusiana sp. 


b. dans les phyllades au-dessus des quartzites: 
Synhomalonotus tristani (Brogniart) 
Ectillaenus sp. 


Illaenidae, autres trilobites, et brachiopodes in- 
determinables 
Les quartzites sont datees du Skiddavien, les 
phyllades du Llanvirnien ou Lland&ilien. 
Localite 8: 
Trilobites, brachiopodes, et un article de crinoide 
nen-classifiables 
Localite 9: 
Un trilobite et des brachiopodes non-classifiables 
Localite 10: 


Crusiana sp. 
Ce genre est date du Skiddavien. 


Localite 11: 
Crusiana furcifera d’Orbigny 
Cruziana rugosa d’Orbigny 
Les deux especes sont datees du Skiddavien. 
Localite 12: 
Cruziana sp. 
Ce genre est date du Skiddavien. 


D’apres le Professeur T’hadeu, la localite 3 
(250 m au SSE du Mont Galinheiros) a fourni, 
de plus, pendant des fouilles ex&cutees par lui- 
meme, Calymene cf. duplicata (Mutrchison) 
et Bathycheilus perplexus (Barrande) Holub. M. 
VeaTeireira 1a. N Eotelo® Neiva,. et A. 
Cerveira (1942) identifierent, en outre, une 
petite faune llandeilienne dans des schistes a 
chiastolite pres de Queiriga, a l’Est du granite de 
Castro Daire. Finalement, il y a lieu de mention- 
ner la decouverte de Cruziana sp. dans les quart- 
zites ordoviciennes au Sud des Minas das Banjas, 
au Nord du Douro (M. Cohen). 


Notre collection de p£trifications prelevees 
dans les deux flancs de la structure synclinale 
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dans les couches siluriennes represente donc un 
ensemble de faunes ordoviciennes, datees, selon 
M. Thadeu, du Skiddavien jusqu’au Llandelien. 
Tout recemment, pourtant, on a rapporte la de- 
couverte de quelques lambeaux de phyllades got- 
landiennes A Monograptus entre le Stephanien du 
meme pli et les quartzites skiddaviennes du 
Mont Galinheiros, au Nord d’Arouca (Teixeira, 
1955b, p. 38).t 

En divers endroits, la partie superieure des 
quartzites contient du minerai de fer sedimen- 
taire. Ces minerais, d’aucune importance dans 
notre region, atteignent une valeur commerciale 
au Nord du Douro pres de Vila Real et de Mon- 
corvo. On sait que le developpement de minerais 
de fer a la base du Llandeilien caracterise l’Europe 
occidentale (Boh&me, Normandie), ainsi que le 
Maroc frangais. Dans ce dernier pays on vient 
de trouver une faune du Llanvirn (avec, entre 
autres, Synhomaloton tristani Brogniart, que 
nous signalions parmi les esp£ces receuillies sur 
le Mont Galinheiros) au-dessous de l’'horizon de 
minerai de fer de Tiflet (Jacques Destombes, 
1954). Thadeu (1952, p. 10) date la zone des 
quartzites a Bilobites au-dessous de l’'horizon de 
fer de l’Ordovicien portugais du Skiddavien. 


L’ Ordovicien repose en discordance au-dessus 
de la serie du Flysch infracambrien ou algonkien. 
En raison du redressement vertical, ou presque 
vertical, des couches pres du contact’ entre Ordo- 
vicien et Ante-ordovicien, cette discordance 
n'est pas toujours visible, mais Ja deviation par- 
fois notable entre les directions des couches de 
l’Ante-ordovicien, d’une part, et celles du Paleo- 
zoique, de l’autre, surtout le long de la bordure 
sud-ouest de la syncline, s’explique uniquement 
par un plissement ante-ordovicien de la serie in- 
fracambrienne au algonkienne. 


La serie ant&-ordovicienne des schistes et grau- 
wackes se compose d’une succession monotone de 
phyllades et de grauwackes avec des intercala- 
tions de conglome&rats de quartz. Ces derniers se 
rencontrent surtout dans la region au Sud de 
Sobrado de Paiva, tandis que vers l’Est ils sont 
beaucoup plus rares. Teixeira considere ces 
conglomerats comme des debris d’une masse 
continentale situee a ’Ouest du Nord du Portu- 
gal (Teixeira, 1954b, p. 10). En relation avec 
la mise en place des granites ante-stephaniens, 
et peut-Etre deja avant lintrusion d’une partie 
de ceux-ci, la serie ancienne subit des degres de 
metamorphisme regional, que nous discuterons 
plus tard. 

Entre les massifs granitiques de Regoufe (Mont 
Prova) et de Castro Daire, et aussi localement 
pres de Vouzela, I’Ante-ordovicien contient des 
lentilles d’amphibolites a plagioclase, qui repre- 
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sentent, du moins en partie, des intrusions de 
diabases, aujourd’hui ouralitisees et chloritis&es 
dans la serie ancienne du Flysch. Des roches ana- 
logues se rencontrent localement entre les bancs 
de quartzites de la base de l’Ordovicien sur le 
flanc sud de la montagne Säo Macario, non loin 
du granite de Castro Daire, d’apres M. Scher- 
merhorn. 

Suivant ce qui a et releve dans le precedent, 
on peut distinguer, dans la region considerce, les 
effets d’au moins trois, et vraisemblablement de 
quatre phases successives de deformations oro- 
geniques. 

Le premier de ces plissements affecta la serie 
des schistes et grauwackes infracambriens ou al- 
gonkiens avant le Silurien (phase sardique, ainsi 
que le propose Teixeira (1955b, p. 90)?) et fut, 
a ce qu’il semble pouvoir Etre conclu de notre 
connaissance actuelle, accompagnee de la creation 
de zones de metamorphisme regional, et par la 
mise en place de l’ensemble des granites ante- 
stephaniens. Il faut pourtant admettre que le 
probleme de läge de ce metamorphisme et des 
granites ante-stephaniens attend encore sa solution 
definitive. La direction generale des plis ante- 
siluriens parait se conformer plus ou moins A 
celle des axes des deformations post-siluriennes 
(hercyniennes), malgre l’existence, comme par 
exemple entre les granites de Regoufe et de 
Castro Daire, de deviations locales entre l’orien- 
tation des lits de schistes et grauwackes ante- 
ordoviciens et la direction SE-NW du synclinal 
de couches paleozoiques de Beira Alta. On con- 
state, d’ailleurs, que les directions des schistes 
ante-ordoviciens de part et d’autre de cette struc- 
ture serree sont parfois differentes, surtout dans 
la region immediatement au NW et ä l’Ouest de 
la montagne Säo Macario. Ce phenomene s’ex- 
plique, suivant l’opinion de l’auteur de cet article, 
par la formation d’un important accident tecto- 
nique a travers les couches plissees de l’Infra- 
cambrien-Algonkien, en direction SE-NW, tout 
le long de l’axe futur du grand pli synclinal post- 
silurien de Beira Alta. Cette ancienne structure 
renouvela Evidemment son activit@ lors des plis- 
sements hercyniens, en predisposant, pour ainsi 
dire, l’emplacement du pli synclinal posterieur 
dans le Silurien et du bassin lacustre stephanien. 

Une seconde phase orog&nique affecta le Si- 
lurien entre le Devonien Inferieur — qui fur 
depose en concordance au-dessus du Gotlandien 
aux environs de Vallongo au NE de Porto — 
et le Westphalien D conserve dans une e&troite 
cuvette ou Ecaille synclinale pres d’Ervedosa 
(Vallongo). Suivant Teixeira (1954274 17), 
le Westphalien d’Ervedosa, qui contient un con- 
glomerat de base a elements de quartz, de schis- 


tes, et de granite, repose en discordance angu- 
laire au-dessus des couches siluriennes et devo- 
niennes de cette region. 

Une troisieme phase de plissements se mani- 
festa vraisemblablement & la fin du Westphalien 
D (phase asturienne), vue la circonstance que 
dans les Asturies en Espagne le Stephanien In- 
ferieur repose en discordance au-dessus du West- 
phalien D (Teixeira, 1954a, p. 29)°. 

Finalement, une quatrieme phase orogenique 
provoca la deformation des couches du Stepha- 
nien Moyen lacustre du Nord du Portugal, et 
naturellement &galement des couches plus an- 
ciennes. Ce fut A cette occasion que se forma le 
synclinal extremement comprime& a depöts silu- 
riens et stephaniens de Beira Alta et de Douro 
Litoral. Comme nous verrons plus tard, les opi- 
nions different encore en ce qui concerne l’äge 
exact de ce plissement hercynien tardif; s’il 
represente Ja phase ouralienne entre le Stepha- 
nien et l’Autunien, ou bien la phase saalienne, 
post-autunienne. 


ROCHES ERUPTIVES 


Les roches Eruptives de notre region appar- 
tiennent aux groupes suivants: 

1. filons de dolerite albitisee (ou lampro- 
Phyre) recoupant les granites post-stephaniens et 
les formations plus anciennes; 

2. granites, porphyres quartziferes, aplites, 
pegmatites, et granodiorites post-stephaniens, 
comprenant les granites roches mere (principa- 
lement des granites a biotite et A grands mega- 
cristaux de microcline) des gites de Sn, W, Ta- 
Nb, Be, U, Au, Zn, et Pb de la region &tudiee; 

3. granites et gneiss A deux micas, parfois 
porphyriques et parfois &quigranulaires, d’äge 
ante-stephanien et formant des intrusions ou 
granitisations dans la serie des schistes et grau- 
wackes infracambriens ou algonkiens; 

4. filons de roches basiques ouralitisees et 
chloritisees (amphibolites ä labrador) dans la 
serie infracambrienne ou algonkienne, et locale- 
ment dans les couches inferieures de l’Ordovicien, 
consideres anterieurs A lintrusion des granites 
post-stephaniens. 

(1) Filons de dolerite albitisee on lampro- 
phyre. Il s’agit, d’une part, de dolerites albitisees 
a pyroxene, biotite, et hornblende que M. Scher- 


® Des recherches nouvelles dans le Carbonifere du 
Nord de l’Espagne, faites par R. H. Wagner et C. H. 
T. Wagner-Gentis dans la zone de Barruelo, province 
de Palencia (Est. Geol. Inst. de Invest. Geol. „Lucas 
Mallada”, No. 16, pp. 301-344, 1952), ont demontre 
que la discordance principale marquant la phase 
asturienne doit se situer dans le Stephanien A, plutöt 
qu’& la fin du Westphalien D. 
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merhorn a trouve en assez grand nombre sous 
forme de filons recoupant le massif granitique de 
Castro Daire et la serie des schistes et grauwackes 
autour de ce massif. Leur direction s’adapte en 
general A un systeme de diaclases dirige SW-NE. 
En outre, des filons (ou dykes) de lamprophyre 
tres etendus, diriges NNW-SSE, ont ete observes 
par M. Kluiving dans le granite d’Arouca. 

(2) Granites, porphyres quartziferes, aplites, 
Pegmatites, et granodiorites post-stephaniens. Ces 


 roches forment un ensemble d’intrusions, en 
partie remarquablement discordantes, de petites 


et de grandes dimensions dans toutes les forma- 
tions sedimentaires et &ruptives plus anciennes. 
Les granites se trouvent entourds par une zone de 


 corneennes et d’autres roches thermometamorphi- 


ques dans les roches sedimentaires, tandis que 
dans les granites ante-stephaniens les phenomenes 


de contact sont moins apparents sur le terrain.. 


Dans les couches ordoviciennes et stephaniennes 
les phenom£nes de contact sont plus etendus que 


“dans la serie des schistes et grauwackes. L’in- 


fluence thermome&tamorphique dans les schistes 
pal&ozoiques se trahit par un developpement tres 
distinct de chiastolite au delä de la zone des 
corneennes. La cordierite est tres r&pandue ä 
cöte de la chiastolite dans les aur&oles de contact 
(M. Schermerhorn). 


Du NE au SW on peut distinguer la succession 
suivante d’intrusions de granite post-stephanien: 

a. le grand massif de la Serra do Montemuro 
et des continuations de cette chaine vers le Nord- 
ouest et le Sud-est, aligne en general parallele- 
ment au synclinal comprime de couches pal&ozoi- 
ques de la province de Beira Alta, mais le recoup- 
ant localement au Nord et au Nord-est de Satäo; 

b. un certain nombre de massifs de granite 
de part et d’autre du synclinal de couches paleo- 
zoiques de Beira Alta: l’intrusion d’Alvarenga, 
la petite coupole granitique des mines de Moi- 
menta, le granite (granodiorite) d’Arouca, le gra- 
nite des mines de Regoufe (Mont Prova), et le 
massif etendu de Castro Daire. Ce dernier se pose 
en intrusion discordante ä travers le synclinal de 
couches paleozoiques; 

c. un certain nombre de petites intrusions de 
granite A biotite et de granodiorite au milieu des 
granites ante-stephaniens et des schistes cristal- 
lens de la Serra da Freita et pres de Vouzela, et, 
vers le Sud-est, la grande intrusion de granite 
porphyrique ä biotite de Viseu, qui se trouve 
rattachee au granite de Castro Daire par un couloir 
de roches du m&me genre au NE de Viseu. Le 
granite de Viseu se continue, vers le Sud, jusque 
dans les parages de la Serra da Estrela, ainsi que 
l’auteur l’a pu observer au cours d’une excursion 
de reconnaissance. I] reste ä Etablir si le granite 
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de Viseu entre en connection avec le batholithe de 
la Serra do Montemuto aux environs de Man- 
gualde. 

En quelques endroits, on trouve des intrusions 
de granodiorite A amphibole anterieures aux gra- 
nıtes porphyriques. L’exemple le plus important, 
reconnu par M. Schermerhorn, se rencontre au 
Nord de Castro Daire. Une autre intrusion de ce 
gerne, beaucoup plus restreinte, a et& trouvee 
au milieu des granites ante-stöphaniens au Sud 
de Vouzela, au SW des mines do Castelo. Le 
granite d’Arouca, quoique sans amphibole, se 
laisse classifier Egalement parmi les granodiorites. 

Les granites A biotite post-stephaniens se dis- 
tnguent par la predominance de types ä grands 
megacristaux de microline et par leur caractere 
potassique®. En outre, on rencontre des facies 
Equigranulaires et des types A deux micas; ces 
derniers surtout dans les intrusions mineralisees 
en etain et wolfram de petites dimensions, tels que 
le granite d’Alvarenga et celui de Regoufe. Pres 
des bordures de ces roches on rencontre souvent 
des filons d’aplite, et parfois de pegmatite. Les 
pegmatites peuvent atteindre une importance 
€conomique par leur teneur en Sn, W, Nb-Ta, 
Be, et Li (pegmatites de Lagares do Estanho et de 
Mangualde). Des dykes de porhyre quartzifere 
se connaissent A l’Ouest du granite de Regoufe, 
au Sud du granite d’Alvarenga, et localement 
pres du hameau de Säo Miguel do Mato au 
WNW d’Arouca. 

Les granites a grands megacristaux de micro- 
cline etalent une certaine foliation par l’orienta- 
tion parallele des grands individus du feldspath 
potassique, tres souvent suivant la direction des 
contacts. Ce phenomene s’observe d’une facon 
distincte le long de la bordure sud du massif 
granitique de Castro Daire, autour du granite 
porphyrique de Viseu, et dans le couloir graniti- 
que formant la communication entre le granite de 
Viseu et celui de Castro Daire. L’etude de cette 
foliation nous a fourni une ressource importante 
pour tracer les contacts des granites porphyriques 
par rapport aux granites de consolidation plus 
ancienne. 

La plupart des granites porphyriques post- 
stephaniens se trouvent accompagnes de mine- 
ralisations en Etain, tungstene, et en autres metaux 
dans leurs zones marginales et dans les forma- 
tions environnantes. Seul l’intrusion d’Arouca se 
montre sterile a cet Egard. Selon M. Kluiving, ce 
dernier est une granodiorite a biotite Equigranu- 


description petrographique detaillee du 
granite porphyrique roche mere des gites d’etain et 
de tungstene du Nord du Portugal ainsi qu'un expose 
sur sa genese se trouvent chez Schermerhorn 


(1956a, b). 
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laire sans megacristaux de microline, dans laquelle 
une certaine foliation est causee par le paralle- 
lisme des feuilles de biotite. Le caractere inter- 
mediaire du granite d’Arouca, compare avec le 
caractere acide et tres potassique des granites 
stanniferes de la region, semble fournir l’explica- 
tion de l’absence de gites metalliferes dans sa 
peripherie, puisque letain et le wolfram neces- 
sitent pour leur separation du magma fluide un 
haut degr& de differenciation de celui-ci, et une 
grande concentration, en m&me temps, de ma- 
tieres volatiles et de ces Elements rares lithophiles. 
Contrairement au granite mineralise de Regoufe, 
le granite d’Arouca coincide avec une d&pression 
dans le terrain. 

En ce qui concerne l’äge des granites post- 
stephaniens, roches mere des gites d’etain et de 
tungstene, les opinions different. Ils sont cer- 
tainement plus recents que le Stephanien Moyen 
du synclinal paleozoique coupe en deux par le 
granite de Castro Daire, et tranche, A son extre- 
mite orientale, par la continuation vers le Sud- 
est du batholithe de la Serra do Montemuro. La 
question se pose, ensuite, de savoir s’ils sont 
anterieurs ou posterieurs au Permien (Autunien 
Inferieur) de Bugaco, encore fortement plisse. 
Teixeira (1954a, pp. 30, 35) defend le pre- 
mier point de vue, tandis que J. Carrington 
da Costa (1952, pp. 47, 48) et J. M. Cotelo 
Neiva (1943, p. 58) se rallient ä la seconde 
opinion. Il semble que la solution definitive de 
ce probleme ne doive se trouver qu’apres une 
investigation detaillee du materiel formant les 
conglomerats autuniens de Bugaco, qu’on pour- 
rait supposer contenir des Elements provenant 
des granites post-stephaniens et de leurs mine- 
ralisations au cas oü ils seraient posterieurs A 
ceux-ci. 

(3) Les granites et gneiss ante-stephaniens 
4 denx micas. Des massifs allonges de granites et 
gneiss A deux micas, d’une mise en place A peu 
pres concordante en plusieurs cas et d’une ori- 
gine plus ou moins syntectonique, se trouvent 
exposes des environs de Satäo jusqu’ä Porto, en 
direction SE-NW. Ces granites ont une grande 
extension A l’Ouest de l’intrusion plus recente de 


” Suivant M. Schermerhorn (communication orale), 
il y a lieu de considerer des granites equigranulaires 
a grain moyen autour de Säo Pedro do Sul, ainsi 
qu’une petite coupole de roches intrusives du meme 
genre qu’on observe plus A l’Est entre Säo Pedro do 
Sul et Lordosa en contact avec le granite porphyrique 
plus au Nord, comme appartenant probablement 
encore a l’ensemble des granites post-stephaniens, 
quoique precedant quelque peu les granites A grands 
megacristaux de microline. Sur notre carte (Planche ]), 
ces granites Equigranulaires ont &te incorpores, peut- 
etre A tort, dans l’ensemble des granites ante-stepha- 
niens. 


granite porphyrique & biotite de Viseu. Ils com- 
prennent des types porphyriques et @quigranulai- 
resT. Les massifs se trouvent separ&s par des seg- 
ments ou zones de schistes metamorphises ou 
migmatises de la serie infracambrienne ou algon- 
kienne. De lInfracambrien ou Algonkien meta- 
morphise se rencontre €egalement le long des bor- 
dures nord-est et ouest de l’ensemble des gra- 
nites a deux micas ant&-stephaniens. Jusqu’a pre- 
sent nos Etudes se sont limit&ees aux schistes cris- 
tallins de la bordure nord-est, aux granites de 
la Serra da Freita et de la Serra da Coelheira, et 
a leur continuation vers le Sud-est pres de Vouze- 
la, de Säo Pedro do Sul, et de Satäo. 


En general, les granites ante-stephaniens sont 
plus sodiques et de composition plus interme- 
diaire que les granites porphyriques A biotite 
post-stephaniens, quoique les types potassiques 
ne manquent pas. Une certaine structure gneissi- 
que ou foliation se manifeste par le parallelisme 
des feldspaths dans les types porphyriques et par 
une direction plus ou moins constante des feuilles 
de biotite dans les facies non-porphyriques. Par- 
fois ces roches montrent l’aspect de migmatites, 
et dans ces cas il y a lieu de les considerer comme 
formees par substitution de schistes de la serie 
ante-ordovicienne. En d’autres endroits, pres de 
Satäo par exemple, le granite ante-stephanien pos- 
sede des zones mylonitisees (observation de M. 
Schermerhorn). La direction structurelle est, 
groso modo, NW-SE ou WNW-ESE. A 
Est de Säo Pedro do Sul, celle-ci montre un 
virage vers le NNW. Pre&s des contacts avec les 
segments intercales de schistes cristallins ä silli- 
manite, ces granites montrent @galement un 
certain developpement de ce mineral. 

Une autre region de granites ante-stephaniens 
se rencontre au NE du batholithe de la Serra do 
Montemuro, ol ces roches ont &ete reconnues loca- 
lement A l’ENE de Castro Daire par M. Scher- 
merhorn. L’extension de cette formation de 
gtanites anciens entre Castro Daire et Lamego 
n’a pas encore &te Etudiee par nous. 


La question de läge exact des granites ante- 
stephaniens n’a pas encore trouve sa solution de- 
finitive. La presence de galets de ces roches dans 
les conglomerats a la base du Stephanien au Nord 
de Satäo, et en d’autres lieux, prouve qu’ils sont 
certainement anterieurs au Carbonifere Superieur 
du synclinal pal&ozoique. Cette opinion est, d’ail- 
leurs, soutenue par la decouverte, dans la region 
de Säo Pedro da Cova, de materiel derive des 
schistes cristallins (cristaux de staurolite, de dis- 
thene, etc.) dans les breches du Stephanien. Sui- 
vant Teixeira (1954a, p. 38), le Silurien des 
environs de Porto, qui ne semble pas avoir subi 
du metamorphisme bien visible au contact des 
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granites pre&-stephaniens au NW de Vallongo, 
ainsi que l’auteur du present article l’a pu observer 
egalement au cours d’une excursion en compagnie 
du Professeur Teixeira, repose en discordance au- 
dessus de ces roches, de sorte que celles-ci seraient 
däge ante-silurien dans la zone littorale pres du 
Douro. Dans une autre publication, pourtant, le 
m&me auteur (Teixeira, 1955a, p. 16) remarque 
que dans la region entre Caldas de S. Jorge et Al- 
bergaria a Velha et entre Vale de Cambra et 
Oliveira de Azemeis, A l’Ouest des terrains &tu- 
dies par nous, ce ne sont pas seulement les schis- 
tes ante-siluriens (infracambriens ou algonkiens) 
qui se trouvent dans un Etat m&tamorphise, mais 
que le metamorphisme y aurait atteint &galement 
le Silurien pres du Vouga, qui se trouverait large- 
ment transforme en gneiss. Des bancs de quart- 
zites, seulement, auraient €chapp& au metamor- 
phisme de ce Silurien. Des ar&tes de ces quartzi- 
tes, tracees par M. Kluiving au Nord 
d’Oliveira de Azemeis, ont &te indiquees sur 
notre carte. Pour le moment, les observations sur 
le terrain s’accorderaient donc avec un äge pre- 
silurien des granites anciens de Porto et des Ser- 
ras da Freita et da Coelheira, tandis que, d’autre 
part, il y aurait lieu d’envisager la possibilite 
d’un äge post-silurien (hercynien) pour une quan- 
tite de phenomenes de granitisation dans la 
region d’Oliveira de Azemeis et d’Albergaria a 
Velha. Il faut pourtant, ne pas perdre de vue que 
läge des schistes metomorphises entre les ar&tes 
de quartzites pres d’Oliveira de Azemeis, reste 
encore une matiere dubieuse. 


(4) Filons de roches basiques owralitisees et 
chloritisees (amphibolites a labrador) dans les 
schistes ante-ordoviciens, et dans l’Ordovicien. 
Des lentilles et filons de roches basiques oura- 
litisees et chloritisees sont assez communs dans 
la serie des schistes ante-ordoviciens a l’Est du 
granite des mines de Regoufe et, en outre, aux 
environs de Vouzela. Dans cette derniere region 
ils semblent Etre intercales d’une facon concor- 
dante au milieu des schistes cristallins represen- 
tant un facies metamorphique du systeme infra- 
cambrien au algonkien. (M. Oun Ing Soun), mais 
plus au Nord M. Schermerhorn observa parfois des 
relations discordantes. Des venues d’amphibolites 
A labrador ont &Egalement Et& trouvees entre 
les quartzites de l’Ordovicien sur le flanc sud 
de la montagne Säo Macario a l’Ouest du 
granite de Castro Daire (selon M. Schermer- 
horn). M. Kluiving observa des filons de 
roches peut-etre analogues dans la region 
des villages Carregosa et Escariz (au Nord 
de Vale de Cambra) dans des schistes cristallins 
et au milieu de gneiss. Leur direction y est NW- 
SE. Nous n’avons jamais observe& des filons basi- 
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ques du type des amphibolites A labrador 
traversant les granites ante-stephaniens dans la 
region de Vouzela, mais au Nord de Vale de 
Cambra nous ne sommes pas encore certains sur 
les relations entre les roches basiques et les gra- 
nıtes gneissiques. La possibilite que lintrusion 
des filons basiques dans la serie des schistes ante- 
ordoviciens preceda celle des granites syntec- 
toniques ne semble pourtant pas devoir &tre re- 
jetee. Selon M. Schermerhorn les roches basiques 
considerees sont posterieurs au proces de meta- 
morphisme regional que la serie des schistes 
ante-ordoviciens subit A proximite des granites 
ante-stephaniens. 

Les amphibolites ä labrador, qui, sur le ter- 
rain, frappent l’oeil par leurs couleurs gris ver- 
dätres, sont caracterisees au microscope, en plu- 
sieurs cas, pas des restes d’une texture ophitique, 
et par lalteration complete des pyroxenes en 
ouralite et/ou chlorite (M. Schermerhorn). 

Comme les filons de ces roches traversent loca- 
lement des couches de l’Ordovicien, il y a lieu de 
dater l'intrusion d’au moins une partie de ces 
roches basiques metamorphiques apres le Silu- 
rien. 


MINERALISATIONS CAUSEES PAR LES 
GRANITES POST-STEPHANIENS 


Les gites metalliferes group&s autour des gra- 
nites post-stephaniens dans la region Etudiee par 
nous se laissent diviser en quatre zones: 


A. la zone mineralisee du cöte nord-est du 
batholithe de granite porphyrique de la 
Serra do Montemuro, qui n’a Et& indiquee 
que tres localement a l!’ENE de Castto Daire; 


B. la zone mineralisee importante le long de 
la bordure sud-ouest du batholithe de la 
Serra do Montemuro et des extensions de 
cette chaine vers le Sud-est et le Nord-ouest, 
a laquelle appartiennent les gites suivants: 


a. les filons de quartz a arsenopyrite et 
sulfures d’antimoine auriferes des Minas 
das Banjas, 

b. un certain nombre de filons a galene et 
blende des deux cötes du Douro au NE 
etäl’ Est de la mine de charbon de Ger- 
munde, 

c. les filons a wolframite et scheelite au de- 
dans du granite d’Alvarenga et dans le 
voisinage immediat de cette petite in- 
trusion, 

d. les filons A cassiterite des Minas de 
Bustelo, 

e. les filons A wolframite et cassiterite des 

Minas de Moimenta, 

les filons a wolframite et cassiterite des 


Mn 
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Minas de Pombeiro et des Minas do Re- 
Regada Cimeira, 

g. plusieur petits filons a wolframite et 
cassiterite dans la zone marginale du gra- 
nite a l’Est et au Sud-est de Castro Daire, 

h. la pegmatite a cassiterite et A quantites 
subordonnees de wolframite et de co- 
lumbite des Minas de Lagares do Estanho, 

i. un certain nombre de pegmatites a co- 
lumbite et beryli dans le granite au Sud- 
est de la pegmatite de Lagares; 


C. les gites importants d’etain et de tungstene 
au dedans et autour du granite de Regoufe 
(Minas de Regoufe, Minas de Rio de Frades, 
et autres) et les gites de peu d’importance 
qu’on rencontre localement autour du gra- 
nite de Castro Daire; 


D. la zone de filons a wolframite et cassiterite 
qu’on peut suivre de la region autour du 
coin nord-ouest du granite de Viseu jusque 
dans la region de la Serra da Freita, com- 
prenant, entre autres, les gites suivants: 


a. un certain nombre de filons assez im- 
portants a wolframite et cassiterite (Mi- 
nas da Bodiosa, Minas da Bejanca, Minas 
de Santa Cruz) et des alluvions stanni- 
feres et tungsteniferes autour de la bor- 
dure nord-ouest du granite de ViseuS, 

b. quelques filons A cassiterite et wolfra- 
mite pres de Vouzela (Minas do Castelo), 

c. un certain nombre de filons A cassiterite 
et wolframite dans la continuation vers 
le Sud-est de la Serra da Freita (Minas 
de Chäs, et autres), 

d. une mineralisation en etain autour de la 
petite intrusion de granite post-stepha- 
nien a nodules de biotite de Castanheira 
dans la Serra da Freita, qui donna nais- 
sance a des alluvions stanniferes,? 

e. des filons & wolframite au Sud-ouest de 
la Serra da Freita (non indiques sur la 
carte). 

Pres de Mangualde, le granite de Viseu se 
trouve Certainement en rapport genetique avec les 
celebres pegmatites A beryllium et lithium dont 


8 D’apres une visite recente de M. Oun Ing Soun 
a la region de Viseu, on note encore, A l’Est de ces 
gisements, les filons des mines de Cume, Vale Gourdo, 
Gajäo, Masgalos, Outeiro do Sobreiro, et Travassos, 
tandis qu’au Sud des mines de Bejanca il faut relever, 
de plus, l’existence des filons des mines de Panascosa, 
Cantarinhos, Santa Andree, Vale da Fonte, Sobrosa, et 
Bandeira. Tous ces gites se trouvent en dehors de la 


® Le granite A nodules de biotite pres du hameau 
de Castanheira, que nous considerons d’äge post- 
stephanien, forme le theme d’une &tude par MM. C. 
Torre de Assuncao et C. Teixeira, (1954) 


M. Amilcar Märio de Jesus nous a laisse une 
description (1934). 

Parmi les gites enumeres ci-dessus, la pegma- 
tite A cassiterite de Lagares do Estanho et les 
filons et stockwerks a wolframite et cassiterite de 
Bejanca ont Et& decrits par M. Cotelo Neiva 
(1944, pp. 35-64, 118-142). 

Quelques-uns des gites de wolfram et d’etain 
contiennent des mineraux d’uranium. L’autunite, 
par exemple, a Et trouve par M. Sluyk sous 
forme d’incrustations supergenes dans les filons 
de Regoufe. Des paillettes de torbernite, d’autre 
part, se rencontrent comme remplissages de fis- 
sures dans le quartz des filons des Minas da Be- 
janca, et aussi dan le greisen constituant la roche 
encaissante de ceux-ci. 

La distribution des mineralisations par rapport 
aux bordures des massifs de granite post-stepha- 
nien atteste une certaine zonalite. Le niobium et 
le tantalium (environs des Minas de Lagares do 
Estanho) favorisent evidemment la zone margi- 
nale des granites, de meme que la cassiterite des 
pegmatites. Les filons pneumatolitiques A quartz, 
cassiterite, wolframite, et sulfures s’en tiennent 
non seulement aux zones marginales des grands 
batholithes et aux petites coupoles de granite (fi- 
lons des Minas de Regoufe, filons d’Alvarenga), 
mais se rencontrent €galement A quelque dis- 
tance en dehors de la roche mere. Dans le cas 
des filons typiquement hydrothermaux, tels que 
les filons a quartz et sulfures auriferes des Minas 
das Banjas et les filons ä blende et galene voi- 
sins du Douro, on constate un @loignement con- 
siderable de la bordure du grand batholithe du 
Nord. 


PHENOMENES DE METAMORPHISME 
REGIONAL 


Les massifs de granites A deux micas syntectoni- 
ques de la region de la Serra da Freita sont se- 
par&s par des zones de schistes cristallins cr&es 
par un metamorphisme avance de la serie infra- 
cambrienne ou algonkienne. II s’agit en general 
de schistes A sillimanite, biotite, muscovite, et 
quartz qu'on peut remettre dans le subfacies A 
sillimanite et almandine du facies amphibolitique 
de F. J. Turner et J. Verhoögen (1951, p. 434). 
Les grenats manquent cependant, ou semblent 
etre tres rares, dans les schistes A silli- 
manite observes par nous. Au Nord-est de la 
Serra da Freita et de la Serra da Coelheira M. 
Kluiving constata une succession de trois zo- 
nes bien marquees de schistes cristallins represen- 
tant Egalement des facies metamorphiques de la 
serie infracambrienne ou algonkienne, dont le 
degre de metamorphisme regional — pour em- 
ployer ce terme discutable — s’affaiblit graduel- 
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lement en s’eloignant des granites de la Serra da 
Freita. Du Sud-ouest au Nord-est il y a lieu de 
distinguer les facies suivants dans l’Ante-ordo- 
vicien: 


a) Une zone de schistes A staurolite, biotite, 


muscovite, chlorite, quartz, et sporadiquement A 


Cyanite, contenant &galement de l’andalousite, 
parfois en grands cristaux. Cette zone presente 
des traits du subfacies & staurolite et cyanite du 
facies amphibolitique de Turner et Verhoogen. 

b) Une zone de schistes A biotite, muscovite, 
et chlorite avec un developpement remarquable 
de porphyroblastes transversales de biotite. Nous 
pouvons remettre cette zone dans le subfacies A 
biotite et chlorite du facies des schistes verts de 
Turner et Verhoogen. 

c) Une zone de phyllades faiblement meta- 
morphisees a chlorite et sericite, representant le 
subfacies a muscovite et chlorite du facies des 
schistes verts de Turner et Verhoogen. 

Le Paleozoique du synclinal de Beira Alta fut 
faiblement influence par un metamorphisme re- 
gional qui est possiblement plus recent que celui 
qui affecta les couches de l’Ante-ordovicien. Le 
matrix des conglomerats stephaniens et les phylla- 
des du Stephanien et de l’Ordovicien contiennent 
parfois — A l’Ouest du granite de Castro Daire 
— une abondance de chloritoide et de seri- 
cite. Ce metamorphisme semble donc dater d’apres 
le Stephanien et s’&tre manifeste lors de la 
comptession laterale et du plissement en synclinal 
des couches pal&ozoiques. 

Une zone a grenats, ainsi qu’on la rencontre 
dans l’ensemble bien connu des „Dalradian 


- schists” de l’Ecosse entre des schistes A biotite et 


une zone de schistes a cyanite et staurolite (voir 
Turner et Verhoogen, 1951, p. 419), n’a pas 
ete trouvee dans la bordure nord-est de schis- 
tes cristallins de la Serra da Freita et de la Serra 
da Coelheira. Une telle zone existe pourtant dans 
la region littorale a l’Ouest de la culmination 
axiale des formations metamorphiques occupee 
par les granites et gneiss de la Serra da Freita 
et de Porto, ol elle fut reconnue au Sud 
d’Espinho par Luiz Pinto de Mesquita (1952, 
pp. 13-19). D’apres cet auteur, l’almandine y 
envahit vers l’Ouest la zone de schistes a biotite, 
tandis que vers l’Est ce mineral s’associe a la 
staurolite. 

Nous avons limpression que landalousite de 
la zone ä grands porphyroblastes de staurolite 
(zone a) cristallisa apres la staurolite, a en juger 
d’apres nos observations preliminaires. Ceci nous 
amene A Ja suggestion que dans cette zone la 
staurolite se forma sous linfluence d’une cer- 
taine temperature et d’un certain stress crees par 
une poussee laterale, tandis que l'andalousite y 
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serait plutöt formee par une action thermale 
tardive provoquee par l’intrusion des granites A 
deux micas de la Serra da Freita. 


Les lignes de separation entre les zones succes- 
sives de schistes cristallins le long de la Serra da 
Freita ne sont point strictement paralleles ä la 
stratification de la serie ante-ordovicienne. Selon 
l'observation de M. Kluiving, des bancs de 
conglomerats A galets de quartz, notamment, se 
laissent suivre de la zone des phyllades & seri- 
cite jusque dans les zones A metamorphisme plus 
prononce. 


Un developpement de schistes A biotite, separe 
de celui des schistes cristallins au Nord-est de la 
Serra da Freita par une zone de schistes et de 
phyllades moins metamorphisds, se rencontre le 
long de la bordure sud-ouest du massif granitique 
de la Serra do Montemuro, du cöte nord-est du 
synclinal de couches pal&ozoiques. De meme qu’au 
Sud de ce synclinal, les schistes ä biotite y sont 
caracterises par une cristallisation remarquable 
de porphyroblastes transversales de ce mica. 
Cette zone a biotite dans la serie infracambrienne 
ou algonkienne se laisse suivre des environs de 
Sobrado de Paiva jusque dans le voisinage de 
Queiriga a l’Est du granite de Castro Daire, ou 
elle se rapproche du synclinal de couches paleo- 
zoiques. L’Ordovicien de ce synclinal entre Sa- 
täo et Queiriga ne parait pas Etre affecte par la 
formation de biotite. 

La formation de la biotite dans l’Ante-ordovi- 
cien au Nord du synclinal de couches paleozoi- 
ques date certainement d’avant lintrusion du 
granite de la Serra do Montemuro et de la con- 
tinuation de ce massif vers le Sud-est. Le meta- 
morphisme de contact le long de la bordure de ce 
batholithe s’est superpose a la zone des schistes 
a biotite et se trahit par un developpement inde- 
pendant de corneennes et de nodules de mine- 
raux thermometamorphiques. Aux environs d’Al- 
varenga, on constate (M. Welter) une trans- 
gression de la zone a metamorphisme de contact 
par rapport ä celle des schistes a biotite, de sor- 
te que la premiere s’avance vers le Sud jusque 
dans la zone des phyllades a sericite de l’Ante- 
ordovicien. Il y a lieu d’etablir un certain pa- 
rallele entre la zone des schistes a biotite au 
Nord du synclinal de Beira Alta et celle 
au Sud de cette unite tectonique, et de considerer 
les deux comme datant de la m&me Epoque de 
metamorphisme regional. 

L’association intime des granites ant&-stepha- 
niens de la Serra da Freita, de la Serra da Coel- 
heira, et de la region de Vouzela avec le develop- 
pement des schistes cristallins disposes, dans une 
mesure assez prononcee, en zones plus ou moins 
paralleles a ces roches Eruptives, suggere une re-. 


104 


lation Etroite entre les phenomenes de metamor- 
phisme regional et la mise en place des mas- 
sifs de granites ante-stephaniens. Puisqu’A cÖöte 
de l’existence de contacts concordants entre les 
schistes cristallins et ces granites on constate 
parfois des contacts nettement discordants, on 
arriverait a la conclusion que les granites ante- 
siephaniens representent, du moins en partie, des 
intrusions dans la region axiale des zones de m&- 
tamorphisme regional, sans rejeter, cependant, la 
possibilite qu’une autre partie de ces granites se 
soit formee par granitisation de la serie infra- 
cambrienne ou algonkienne. La question de sa- 
voir sil y eut un certain intervalle, et quelle fut 
la duree de cet intervalle, entre le metamorphisme 
de la serie ante-ordovicienne et la mise en place 
des granites consideres reste encore ouverte. 

Dans leur integralite, les schistes cristallins 
paraissent Etre le resultat d’un metamorphisme 
qui se deroula par consequence d’une action de 
stress et de fortes influences thermiques dans la 
serie ante-ordovicienne, lors du plissement de ces 
couches. L’andalousite de la zone & staurolite, de 
cristallisation vraisemblablement posterieure A 
celle de la seconde espece, se serait peut-Etre 
formee lors d’un decroissement des actions dyna- 
miques et d’un accroissement relatif de l’influence 
thermique. 


REFERENCES 
Carrington da Costa, J. (1952) — Tectonique du Por- 
tugal. Proc. Section M, Int. Geol. Congr., Re- 
port X VIII Session Great Britain 1948, pp. 


45-51. 

Cotelo Neiva, J. M. (1943) — A idade dos granitos 
portugueses. Bol. da Soc. Geol. de Portugal, 
Vol. III, Fasc. I-II, pp. 49-69. 

—,— (1944) — Jazigos portugueses de cassiterite e de 
wolframite. Com. dos Serv. Geol. de Portugal, 
RN 2STD 

Delgado, J. F. N. e Choffat, P. (1899) — Carta geo- 
lögica de Portugal, ı : 500.000. 

Destombes, J. (1954) -— Sur la presence du Llanvirn 


& minerai de fer oolithique dans V’anticlinal 
de Tiflet (Maroc.) C. R. somm. des Seances, 
Soc. G£ol. de France, pp. 294-296. 

Jesus, Amilcar M. de (1934) — Pegmatites mangano- 
litiniferas da regiäo de Mangualde. Com. dos 
Serv. Geol. de Portugal, XIX, pp. 65-200. 


Pinto de Mesquita, Luiz (1952) — Contribugäo para 


o estudo de parte da faixa metamörfica do 
litoral, a sul de Espinho. Publ. do Museo e 
Lab. Min. e Geol. da Fac. de Ciencias do 
Porto, 3.a Serie, No. LXIII, >27 p. , 

Schermerhorn, L. J. C. (19562) — Petrogenesis of a 
porphyritic granite east of Oporto (Portugal). 
Tscherm. Min. petr. Mitt., Dritte Folge, T.6 
(sous presse). 

—-,— (1956b) — The granites of Trancoso (Portu- 
gal): a study in microclinization. Am. Journ. 
of Science, Vol. 254 (sous presse). 

— ,— (1956c) — The age of the Beira Schists. Bol. 
da Soc. Geol. de Portugal (sous presse). 
Teixeira, C., Neiva, J. M. C. e Cerveira, A. (1942) 
— Esbogo geolögico da regiäo de Queiriga 
(Vizeu). Bol. da Soc. Geol. de Portugal, ], 

Base.111% 

Teixeira, Carlos (1953) — Notas sobre Geologia de 
Portugal; OÖ sistema cämbrico. Lisboa, 22 p. 

—,— (1954a) — Notas sobre Geologia de Portugal; 
OÖ sistema permo-carbönico. Lisboa, 55 p. 

—,— (1954b) — Les conglomerats du complexe de 
schistes et grauvaques, ante-ordovicien, portu- 
gais. Acad. das Ci@ncias de Lisboa, Classe de 
Ciencias, sessäo de ı de Abril 1954. 

—,— (19552) — Notas sobre Geologia de Portugal; 
O complexo xisto-grauväquico ante-ordovici- 
ano. Lisboa, so p 

—,— (1955b) — Notas sobre Geologia de Portugal; 
OÖ sistema silurico. Lisboa, ı05 p. 

Thadeu, Decio (1952) — Le gisement de fer de Mon- 
corvo (Concession de Fragas da Carvalhosa). 
Bol. da Soc. Geol. de Portugal, X, pp. 59-77. 

--,— (1955) — Note sur le Silurien beiro-durien. 
Bol. da Soc. Geol. de Portugal, XII, pp. 1-38. 

Torre de Assungäo, C., et Teixeira, C. (1954) — Un 
remarquable phenomene de granitisation: la 
roche granitique & nodules biotitiques de la 
Serra da Freita, Arouca (Portugal). Bol. do 
Museu e Laboratörio Mineralögico, Fac. de 
Ciencias da Univ. de Lisboa, No. 22 (7a serie). 

Turner, F. J., and Verhoogen, ]. (1951) — Igneous 
and metamorphic petrology. 602 p. 


DISCUSSION 


MR. VAN DER PLAS (Leiden) inquires whether there 
is a difference in optical properties between the cas- 
siterite in the pegmatites and that in the tin veins 
related to the granites. 


Prof. WESTERVELD answers that this question has 
not been investigated, but that such a difference is 
not improbable, considering the difference in cris- 
tallization temperature which must apparently have 
cxisted between pegmatite cassiterite and vein cassi- 
terite. 


Dr. SCHÜRMANN asks: (1) whether the uranium ores 
ot Portugal are of the same age as the tin-tungsten 
mineralization; and (2) whether the youngest granite 
is an alkaline granite. 


Prof. WESTERVELD replies to the first question that, 
according to Portuguese geologists, the main uranium 
.deposits of Portugal, as for instance those of the 


Urgeiriga mines near Nelas, are much later than the 
tn-tungsten deposits, and related to the intrusion of 
basic dykes which cut the post-stephanian granites. 
This thesis certainly does not hold for all uranium 
mineralization, since minerals like autunite and tor- 
bernite are found as supergene products in some tin- 
tungsten veins and also in the Li-Be-pegmatite near 
Mangualde. 


As regards the second question, it has to be stated 
that the tin-tungsten granite is mainly a coarsely 
perphyritic biotite granite with large megacrysts 
ol microcline, and, therefore a potash granite. It in- 
variably contains some muscovite, and transitions 
may be observed to muscovite granites and to even- 
grained border facies. 


Dr.. EGELER (Amsterdam) suggests the designation 
„Plutonometamorphism” or perhaps „regional pluto- 
nometamorphism” for the metamorphism with an- 


dalousite in the zone surrounding the syntectonic in- 
trusions. 


Prof. WESTERVELD replies that the formation of 
andalusite seems to have followed that of staurolite. 
Staurolite may be said to have been formed under 
thermal and stress conditions; andalusite in a sligthly 
later phase by predominantly thermal affects. For the 
atter process the term plutonometamorphism seems 
quite adequate. 


Prof. BROUWER (Amsterdam) asks some more details 
on the mode of occurrence of the andalusite and the 
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distribution of this mineral with respect to the in- 
trusions. 


Prof. WESTERVELD answers that the andalusite in the 
zones of regional metamorphism along-side the older 
gıanites is restricted to the inner or staurolite zone, 
in which it seems to be later than this mineral. This 
audalusite is a frequently coarsely cristalline pink va- 
riety, whereas the andalusite in the aureoles of con- 
tact metamorphism around the younger or tin-tung- 
sten granites is of the type of dark coloured chias- 
tolite. 
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THE POSITION IN TIME AND SPACE OF THE OPHIOLITES WITH 
RELATION TO OROGENIC METAMORPHISM 


E. KÜNDIG! 


INTRODUCTION 


There are a great number of geological features 
which characterize an orogenic belt. They are 
either fundamentaliy connected with its origin 
or their interrelationship may be of second or 
third order only, or their presence might be — 
although unrecognized — even be purely 
accidental. 

The degree, pattern, sequence and type of 
deformation comprises for instance one group of 
characteristics. The local shortening of the crust 
has occasionally been used as standard measure 
for the intensity of deformation. Dynamic 
metamorphism is another characteristic and is 
susceptible of considerable precise classification 
by grading. The "carbon ratio” for instance, is 
occasionally used for measuring incipient 
metamorphism which does not yet affect the more 
stable minerals. Thickness of  sediments, the 
changing pattern of lithofacies, indicating 
indirectly the progress of orogenesis, yield other 
diagnostic values. More fundamental features are 
probably depicted by the size, the distribution in 
time and space, and the type of plutonism and 
volcanism. Of similar importance are intensity 
and distribution of seismicity and gravity. All 
such orogenetic features are, up to a certain 
point, interrelated. 

In our following study we shall try to in- 
vestigate a possible time and space interrelation- 
ship between the occurrence of dynamic meta- 
morphism and the occurrence of ophiolitic 
associations in various post-Paleozoic orogenes. 
Both features, namely metamorphism and 
ophiolitic magmatism, are allegedly characteristic 
of fully developed orogenic zones and their 
frequent co-occurrence within young orogenes is 
empirically well established. Both features are 
probably of a higher diagnostic value than for 
instance he presence of certain geosynclinal 
sedimentary series, or the great "geosynclinal” 
thickness of sediments. The degree of inter- 
relationship is however not yet understood. 

When trying to make an inventory of orogenic 
features and to discover their causal connections 
some kind of a well defined and concise scheme 
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is necessary. Into such a scheme the characteristics 
under discussion are inserted and so become 
comparable. The scheme which we think is most 
convenient uses time (stratigraphical section, 
phases) as ordinate, and space (map, zones) as 
abscissa. 

Adapting Stille's (1940) 4-phase magmatic 
cycle scheme to a more general orogenic scheme 
one might distinguish: 

Post-orogenic period 


IV Stabilisation or 
phase 


late-orogenic 


III Mountainforming or morph-oro- 
genic phase (akro-orogenic phase 
or Rüger) 


Orogenic 
period 
II Diastrophic or full-orogenic 
phase (Holo-orogenic) 
I Preparative or geosyncinal phase 
(Eo-orogenic) 
Pre-orogenic period 


In space one may standardize on the following 
zones which are characteristic for most orogenic 
belts and which correspond to a varying degree 
of deformation: 


(a) Cratonic or stable zone. 


(b) Peri-cratonic zone. Represents the only very 
gently deformed marginal part of the Craton. 
With reference to the sedimentary contents 
it is frequently called ”stable shelf” (of the 
early orogenic phases only). 


(c) Peri-orogenic zone. The considerably deform- 
outer part of the ortho-orogene. As a sedi- 
menary province this zone is called ”unstable 
shelf”. The units (b) and (c) together are 
equivalent to the "Mio-geosyncline” of the 
preparative phase of the time scheme. 

(d) Ortho-orogenic zone. Is the strongest deform- 
ed part of the orogene. In the preparative 
phase this zone is distinguished as "Ortho- 
geosyncline”. This zone can in some of the 
orogenes be subdivided into ”externides” and 
"internides” (or "metamorphides”) according 
to the degree of metamorphism affecting the 
involved rocks. 


Before however entering upon the main theme 
we may point out that we are fully aware of the 
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oversimplification of the above, and any other, 
orogenic or megatectonic scheme. 

Geosynclines and orogenes have a very broad 
field of possible variations. A geosyncline might 
for instance develop very rapidiy and fill up 
with thick sediments in ”no time” when elevated 
continental areas which yield sediments are 
nearby. But a geosyncline might also persist 
through all of the Mesozoic and receive, under 
given circumstances, only little sediments. Thick- 
ness of sediments is of restricted diagnostic value 
for the definition of geosynclines. Another case 
of possible variations is the presence of a fully 
developed magmatic cycle. It is quite conceivable 
that the cycle may have been reduced or, for 
some reason or other, developed in an aberrant 
way. The evolution of an orogene might have 
suffered an early interruption and it is certainly 
possible that any of the zones mentioned in our 
scheme may occur independently of the higher 
deformed zones. 

Another very important fact of which one has 
always to be aware when interpreting orogenetic 
structures is that the mountain-forming phase 
II varies in intensity from place to place and 
from orogene to orogene. As a consequence the 
exposed structural floors of the individual zones 
or orogenes are by no means equivalent. Thus 
thes absence of metamorphic rocks in an orogene 
may only be apparent due to the fact that the 
differential isostatic adjustment movements of 
phase III were never positive enough to bring 
the infra-structures to exposure. 


METAMORPHISM IN POST-PALEOZOIC 
OROGENES 


A review of the distribution of all synorogenic 
metamorphic rocks occuring in the alpidic oro- 
genes would demand far too many pages of 
description and we therefore resrict ourselves to 
a few significant examples. 

Alps — The Alps have a very pronounced back- 
bone of structures formed by metamorphic 
rocks: the Pennine nappes. Its metamorphism 
reaches from an epi-facies to a kata-facies, 
but part of the metamorphism is undoubtedly 
pre-alpidic. Basic igneous rocks o  the 
ophiolitic association are involved and vary 
from epimetamorphic to katametamorphic. The 
age relationship is little known but a Jurassic to 
Paleocene age for most of the ophiolites is 
generally assumed. They are certainly pre- 
metamorphic. Original structures connected with 
the intrusion or extrusion of these ophiolites are 
almost completely camouflaged by alpine deform- 
ation. Relics of the mise en place mechanism 
might however still be found by purposeful search. 
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The largest mass of ophiolites, the Ivrea zone 
(Walter, 1950) occurs, strangely enough, in the 
zone of maximum metamorphism, i.e. in the 
Pennine roots, and is limited in the north by a 
very pronounced tectonical line: the Insubrian 
line —. This line could easily have developed 
from a pre-metamorphic tension fault which 
type of feature will be described from Anatolia 
in a next chapter. 

The Alps are an exception and as a rule for 
most post-Paleozoic orogenes, metamorphic zones 
are poorly developed, somewhat ”erratically” 
distributed and the synorogenic metamorphism 
is predominantly of a low grade. In most cases 
the original sedimentary character and sometimes 
even some sporadic fossils are well preserved. 
The rocks are of the ”schistes lustres”, quartzitic 
sandstone, recristallized limestone type which 
laterally grade, via so-called hemi-metamorphic 
sediments, into a non-metamorphic facies. 


Attempts to illustrate the distribution of such 

metamorphism, graded according to some in- 
tensity standard (isograds) have only occasionally 
been attempted but rarely on a regional scale 
and with the intention to fit such a picture into 
orogenic history. A short time ago Lahn (1954) 
published a note about distribution of meta- 
morphism in Anatolia but without any grading. 
Incipient metamorphism and its distributional 
pattern has very locally and occasionally been 
outlined by the use of devolatilisation studies of 
coal (isocarbs). 
Venezuela. — One of the best exposed but 
unfortunately poorly explored examples of 
gradual increasing metamorphism of determin- 
able age is known from the western Caribbean 
Mountains in North Venezuela (Bucher, 1952). 
Here most of the meso- to epi-metramorphic 
rocks are of Mesozoic age and near the town of 
Barquisimeto grade laterally westwards into a 
non-metamorphic facies of a very well known 
stratigraphy. Metamorphism is probably of late 
Cretaceous to early Paleocene (Laramide) age. 
The broad transition zone trends somewhat 
irregularly in an oblique angle across the main 
structural trends and seems to -coincide with a 
general sedimentary facies change. The western 
non-metamorphic sediments are predominantly 
of the ”calcareous shelf” type whereas the eastern, 
metamorphic equivalents, tend to become more 
clastic and many represent continental slope 
deposits from the presumable inner edge of the 
miogeosyncline. 

Tbe history of events in this area can be 
sımmarized as follows: 

1. Geosynclinal phase from Middle to Upper 


Cretaceous. 
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2. Ophiolitic magmatism along tension faults in 
the peri-orogenic and ortho-orogenic but not 
in the peri-cratonic zone. Mainly Upper 
Cretaceous. 


3. Regional metamorphism as a rule of low 
grade but with some medium grade zones. 
Synorogenic, structural main deformation 
— alpinotype — however no nappe structures 
have been recognized. This holo-orogenic 
phase is Laramide and ends approximately in 
uppermost Cretaceous. The ophiolites are 
affected by metamorphism (glaucophane rocks, 
eclogites; Schürmann, 1951). 


4. Morph-orogenic phase. The readjustment to a 
new equilibrium set in subsequently with a 
germanotype (paratectonic) deformation. Po- 
sitive differential (up to 15-20 km) block- 
movements followed after a short Paleogene 
marine period and built up the Andine moun- 
tain system during Neogene and Quaternary. 
This morph-orogenesis affected mainly the peri- 
orogenic zone whereas the bulk of the ortho- 
orogenic zone (the eugeosyncline) represented 
by coastal Venezuela and great parts of the 
Carribbean sea remains at low level. This is 
in contrast to the Alps where, during the 
morph-orogenic phase the ortho-orogenic zone 
became a mountain system. 


Although this history is fairly well established 
in its general outline the distribution of meta- 
morphism within this orogene is little under- 
stood. There never existed enough sedimentary 
overburden in the specific areas which could have 
been responsible for a deep seated metamorphism, 
nor are post-metamorphic features known 
suggesting that the now metamorphic portion 
once formed a deep sea through or a kind of a 
down buckling zone with possible geothermic 
metamorphism. It rather seems as if during the 
deformation, a heat-front was moving upwards 
into the epidermal crust and one may ask if this 
metamorphism was therefore not collateral — 
although not isochronous — to the ophiolitic 
magmatism. 


The spatial coincidence of metamorphism and 
ophiolitic magmatism as it is known from the 
Andean ortho-orogenic belt (Caribbean moun- 
tains, Paraguana, Goajira) is also suggested for 
the Caribbean sea and its islands. (Tobago, 
Portorico, Hispaniola, Jamaica, Cuba, Curacao, 
etc.) and northernmost Columbia. This coin- 
cidence is however rather a rule than a law, as 
a number of minor execptions are known. The 
age of the mise en place of the ophiolites can 
in a general way be given as between Jurassic 


and Oligocene with a paroxism in Upper 


Cretaceous, (Mitchell, 1953). The age of meta- 
morphism is less well dated but is as a rule Upper 
Cretaceous and generally post-ophiolitic. 

Huge masses of basic igneous rocks occur also 
in the Pacific coastal part of Western Colombia. 
Gansser (1950) has given a detailed report of 
the basic rocks of Gorgona Island which lies off 
the Colombian Pacific coast. The Andine geo- 
syncline which forms here the relatively narrow 
belt of the Coastal Cordillera, and which consists 
of Mesozoic and Paleogene sediments, is 
thoroughly pervaded by diabase, gabbro and 
serpentine. The bulk of these basic rocks seems 
to be of Eocene age but older ophiolitic magma- 
tism might occur too. The whole melange is 
strongly folded but not dynamically metamorph- 
osed. 

Such somewhat extensive metamorphism 
affecting also Mesozoic sediments occurs how- 
ever in the Western Cordillera about 100 km 
to the SE of the Coastal Cordillera. The meta- 
morphism is of a low grade, and most frequent 
metamorphic types are phyllites. These sediments, 
which are often silicified, are accompanied by 
great masses of porphyrite, diabase, gabbro and 
serpentine of Jurassic, Cretaceous and Paleo- 
cene(?) age. The ophiolitic zone extends as far 
south as coastal Ecuador where it trends together 
with the ortho-orogenic zone of the andine 
orogene into the Pacific. 

This ortho-orogenic zone comprises thus in 
NW-South America two distinct ophiolitic belts, 
a northwestern one with no dynamic meta- 
morphism and a southeastern one with epi-meta- 
morphism. Glaucophane bearing rocks however 
have sofar not been reported from this latter belt. 


OPHIOLITIC ACCUMULATIONS IN THE ALPINE 
OROGENE 


In the first part of our study we mentioned 
that the occurrence of ophiolites within the 
metamorphic Ivrea zone of the Alps is rather 
exceptional. This case is not repeated elsewhere 
in the Alpine orogene. 

If we follow namely this orogene from the 
Alps eastwards through Asia into New Zealand, 
the structural pattern, the amount and degree of 
metamorphism and the amount of ophiolites 
changes continuously. In many places the oro- 
genic belt, which is fairly narrow. widens and 
splits up into individual arcs and branches which 
are separated by less deformed intermediate 
masses. Then again the arcs reunite in pronounc- 
ed, highly deformed knots. It is as if the sum of 
deformation concentrated in the Alps into one 
imposing unit would elsewhere be distributed 
over a number of less deformed and therefore 
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less metamorphic sub-units. And just such 
secondary and less deformed branches as the 
Apennines, the Balkans, the Anatolian branches 
etc. are, as a rule, much richer in ophiolites than 
the Alps, which represent a knot. 

The sub-units rich in ophiolites have many 
traits in common which were first fully recog- 
nized and excellently described by Steinmann 
(1927) with reference to the example of the 
Apennines. He already recognized the fundament- 
al problems, although some of his assumptions 
have become controversial. In most recent times 
classical occurrences have been elucidated by 
some excellent monographs (Dubertret, Hiess- 
leitner, Routhier, Avias etc.); others have been 
more thoroughly studied in more local descript- 
ions. 


The main characteristics of such mass occur- 


rences of ophiolites as have been reported from. 


Italy, the Balkans, Anatolia, Kurdistan, Oman, 
British Borneo, East and SE-Celebes, New Guinea 
and New Caledonia, to mention only the better 
known ones, are: 


(a) The association of serpentine, pillow lavas 
and radiolarites — the so-called Steinmann 
Trinity. 

(b) The high degree of ”magmatic” different- 
iation even in relatively small igneous bodies 
and the co-occurrence in apparently normal 
sequences, or if separated, at least in imme- 
diate neighbourhood of hypabyssal, coarse 
granular rocks such as gabbro, peridotite, 
micro-diorite, serpentine with hemi-crystal- 
line, volcanic rocks such as diabas, melaphyre, 
porphyrite, spilite, variolite, pillow lava and 
tuff. 


(c) The frequent association with a certain type 
of sediments — so-called geosynclinal sedi- 
ments — of which the radiolarites have al- 
ready been mentioned. Shales, often silicified, 
flyschlike sediments, generally poor in fossils 

-and silicified limestones, are sediments 
frequently found with ophiolites. With the 
disappearence of the ophiolites the facies of 
the sediments occasionally changes abruptly 
(Iraq, Oman). 


(d) The tectonical style of ophiolite belts is 
characterised by its complexity and is best 
designated by the term ”Lepidorogen” in- 
troduced by Steinmann (1927). Imbrications 
play a dominant role, and make the structures 
appear chaotic (me&lange of Bailey). A se- 
quence of lenticular igneous bodies and 
crumpled sheets embedded in sheared zones 
of incompetent sediments builds up a very 
thick repetitious series. Normal sediment 
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igneous contacts are almost unknown they 
appear to be, as a rule, tectonical. Frequent 
accessories of ophiolitic zones are ”erratic” 
blocks generally considered as being of 
tectonical origin. 


(e) The chaotic tectonics and the scarcity of 
fossils make an age determination very 
difficult, and there are only a very few cases 
known where the situation allows reliable 
conclusions concerning the age of the mise 
en place of the ophiolites. If the zones are 
metamorphic the difficulties increase. In the 
case of the alpidic orogene its age has been 
variously determined or guessed as being 
from post-Hercynic/pre-Mesozoic (Hiess- 
leitner: Balkan) to late Oligocene (Routhier: 
New Caledonia). In our opinion this seems 
to be too wide a time interval for such a 
fundamental process as ophiolitic magmatism 
evidently is in the history of an orogene. 


Some recent publications of Dubertret, Brunn, 
Lemoine, Routhier, etc. and an able summing up 
by Glangeaud published in the proceedings of 
the Algiers Congress, Fasc. XVII, have contributed 
very much to the better understanding of the 
problem put forward here. Many problems how- 
ever remain unsolved. 

One of the most suitable areas for approaching 
a solution of the ophiolite problems is obviously 
south-eastern Turkey because tectonical deform- 
ation in this area has never been strong enough 
to obliterate the pre-orogenic disposition of the 
ophiolite-bearing sequences. This dry desert 
county furthermore presents much better and 
complete exposures than can be found anywhere 
in the humide tropical belt. The ophiolites des- 
cribed by Dubertret from the Hatay and those 
studied by Bishopp in Cyprus belong to the 
same mega-tectonical units as those of Turkey. 

In the Kurdish Taurus between Malatya, 
Adyaman and Ergani in SE-Turkey, we found 
Dubertret’s observation in the Hatay fully con- 
firmed and we might even go some steps further. 

Within the Upper Cretaceous neritic sediments 
of the Kurdish Taurus we observed conformably 
interbedded 10 to 1000 m thick ophiolites in- 
cluding crumpled radiolarites. This sill-like inter- 
calations which spread over many square miles 
consist mainly of diabase, spilites, pillow lavas and 
tuffs but include in the lower part, chains of ser- 
pentine lenses. Radiolarites are ”interbedded” 
but are completely unconformable with the 
embedding Cretaceous marls and limestones. 
There is no doubt that this intercalations are an 
Upper Cretaceous submarine basic flow or a 
sequence of flows, that this flow must have 
ploughed the unconsolidated and semi-consoli- 
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dated sediments and formed something similar to 
a tectonic or gliding- contact. The seabottom had 
considerable relief to which the flow adapted 
itself. 

The back of these tremendous flows is just a 
interesting as the base because it carries, slightly 
embedded into the ”lava” and gently baked, 
silicified and metamorphised by contact, tremen- 
dous blocks and slabs of sediments; these are 
mainly Middle Cretaceous and older lime- 
stones. These limestones apparently belonged to 
the roof of the rising ophiolite plug or to the 
flanks of the fissure and travelled miles on the 
back of the effusions. Some of the slabs are 1 km 
long and 50 to 100 m thick. Similar occurrences 
— from the Hatay — have been described already 
by Dubertret (1953) as ”roches Etrangeres”. 
They have further been reported by Henson, 
Browne and McGinty (1949) from southern 
Cyprus, where they comprise mainly Triassic 
sediments, and it is quite probable that some of 
he limestones described by Gray (1950) from 
south-western Iran are of a similar origin. From 
Turkey such swimming erratic blocks are 
excellently depicted by Bailey, (1953) and they 
are also recognizable on the illustrations of 
Blumenthal (1947). Such sediments swimming 
on a much younger magmatic effusion are certain- 
ly another difficulty for the age determination 
of the ophiolites. 

To the north of the submarine flows in the 
Turkish Taurus occurs a very wide but somewhat 
irregular zone of predominantly vertical structure 
which one might designate as ”root” of the flows. 
This mile wide zone is formed by a great melange 
of strongly differentiated ophiolites, including 
gabbros and peridotites. A description of the 
copper and chromite mines of Maden/Ergani by 
Kovenko (1944) gives a full account of the 
components of this ”root” zone. The area of 
transition between root and flows is unfortunately 
yet little known. 


It is very likely that the ”root” corresponds to 
a tremendous fissure eruption at the bottom of 
the Upper Cretaceous sea and that the fissure 
produced a great amount of already highly 
differentiated mafic magma which flowed out on 
the seabottom. The fissure was undoubtedly due 
to tension faulting connected with differential 
vertical movements. The effluence took place 
towards the down-thrown block only. 


The depth from which such a differentiated 
magma might have risen and whether or not the 
roofing sediments above such rising plugs are 
exceptionally thin are still matters for speculation. 
Considering the regionality of such occurrences 
one arrives at the following suppositions: 


1. Such an ophiolitic fissure eruption must have 
been a catasrophe of the first order and it might 
have initiated the second orogenic phase (holo- 
orogenic phase). 

2. If a gravity equilibrium existed, it must have 
been completely upset by the eruptions. 


3. The breakdown must have been preceded by a 
long-lasting subsidence of the roofing area which 
forms part of the eugeosyncline i.e. the ortho- 
orogenic zone. Continental slopes (Venezuela) 
and even continental edges (Turkey, Oman) are 
prone to develop into ophiolitic fissures. This 
fissure forming is only comparable in its 
mechanism to the great rifts. The effusion of 
ophiolites, up to 3 km thick (Dubertret) in place 
of undifferentiated flood basalts and traps, shows 
that the history is however fundamentally diffe- 
rent from that of a rift. 


4. The existence of open fissures and flows in 
one region does not a priori exclude the occur- 
rence of intrusive bodies and sills in other 
regions. The wide distributions of pillow lava 
however, suggests that extrusions are frequent 
and intrusions might be probably rare. 


5. The association of ophiolites with radiolarites 
has nothing to do with the depth of the sea. It 
is highly probable that continental ophiolite 
effusions, without pillow lavas, might occur. 


6. The effusive masses advancing on the sea- 
bottom either by gravity or by effusive push, as 
one mass or as surreptitious individual flows, 
work on the seabottom like a gliding nappe, as 
"traineau &Ecraseur”. The bottom sediments, 
consolidated or not, will become crushed and 
highly "tectonized”. Gravity gliding of the sedi- 
ments and differential compaction below the new 
burden are propably characteristic although 
existence of such phenomena has not yet been 
established. 

From such reasons, reports of the presumed 
existence of ophiolitic overthrust sheets in Italy, 
Kurdistan (Iraq). Oman, Celebes etc. have to be 
reconsidered and a distinction has to be made 
between the origin of the different types of 
gliding structures. 


7. The heat-mousehold in seas affected by ophio- 
litic plugs and flows must have been exceptional 
for a great length of time and must have created 
a very particular biotope, which however has so 
far not been recognized. 


8. The new interpretation of ophiolite genesis 
opens fresh approaches to a number of old 
problems such as: 


(a) The origin of glaucophane-bearing rocks. Is 
for instance the Na-content of such rocks 


pre-metamorphic or syn-metamorphic, and, 
amongst the spilite/variolite/tuff associations 
of the non-metamorphic group are not equi- 
valents of the glaucophane facies to be found? 
Has the Na-content not some connection 
with the submarine environment of the 
effusion? 


(b) The differentiation and rheological conditions 
of ophiolitic instrusions and extrusions must 
have been highly ”unorthodox”, and the 
narrow associations of probably preformed 

. periodites, gabbros, diabase and spilites within 
a ”lava” flow of probably not very high 
temperature are features which still have to 
be explained. 


(ce) Is not the eclogite problem in some way 
‚linked up with this group of questions? 


(d) The association of ophiolites with radiolarites, 
although very frequent is by no means general 
and the presence of radiolarites (cherts) 
suggests, therefore, very specific conditions. 


(e) Ophiolite roots are evidently tectonical 
features of a first order and probably, in some 
way, strongly influence the development of 
the megastructures; such roots probably 
separate intermediate and marginal stable 
masses from the ortho-orogenic highly 
deformed units and branches. 


(f) ”Exotic” blocks appear occasionally disso- 
ciated from ophiolites and stratigraphically 
interbedded in sedimentary sequences. Such 
occurrences however are as a rule confined 
to geosynclinal slopes — as are the ophiolites 
— as well.as to the time interval of 
ophiolitic magmatism. Big scale block gliding 
obviously takes place along cliffs originated 
by differential block movements which might 
be connected with hidden ophiolitic in- 
trusions. 


9. One cannot reasonably assume that an ophio- 
litic catastrophe is repeated in an orogenic cycle 
and it is therefore not very probable that such a 
variance in age should exist for the ophiolitic 
paroxism in the alpidic orogene as has been 
indicated above. In fact the presumption of 
Bishopp (1954) that in Cyprus two series of 
basic rocks of considerably different age exist 
does not sound very convincing. 


A possible solution for the problem of the 
different ages of the various ophiolite belts in the 
different sectors are of different age and that 
the explanation that the tectonical phases of the 


111 


different sedoors are of different age and that 
therefore the conformity of the alpine system is 
much less then generally accepted. Such a 
possibility is supported by the fact that the 
gravimetric equilibrium actually reached by the 
different sectors varies extraordinarily. With 
such a concept in mind, one could also under- 
stand a contradistinction between the occurence 
of highly metamorphic ophiolites in the Ivrea 
zone of the Alps as belonging to an earlier 
Pennine (Jurassic) phase in.a now stabilized 
orogene, and the Upper Cretaceous ophiolites of 
the Apennines which fit into a later but equi- 
valent Apennine phase of a yet much less 
stabilized younger orogene. 


10. The wide open fissures from which the 
ophiolites extruded were certainly due to tension, 
and dynamic metamorphism in this phase and 
on a regional scale seems therefore improbable. 
From observations made in the Alpine orogene 
between the Alps and the Persian Gulf and 
comparing these with respective studies of 
ophiolitic associations in northern South America, 
one comes to the general conclusion that the 
ophiolitic paroxism of a certain sector consider- 
ably preceeds metamorphism of the same sector. 
The relationship in space is much less clear. 
Ophiolites are certainly bound to the ortho- 
orogenic zone of the geosynclines. The occasional 
occurrence of ophiolites in the peri-cratonic 
zone such as reported by Dubertret from the 
Hatay does not modify the general concept. The 
regional distribution of metamorphism within 
one and the same orogene is not well understood. 
A narrow relationship between the metamorphic 
pattern of an orogene and the distribution of 
obhiolites cannot be recognized. It occasionally 
occurs that ophiolite zones merge from non- 
metamorphic into metamorphic provinces; cases 
of non-metamorphic ophiolitic belts are, how- 
ever, by far the most frequent. 

As the preparative sub-crustal development 
and its subsequent paroxismal ”eruption” of the 
ophiolites are bound to the early or geosynclinal 
phase and to the early configuration of the geo- 
syncline, and the subsequent metamorphism to 
the next or holo-orogenic phase, it seems that the 
relative independent space distribution of the 
two phenomena would help to separate the two 
phases more clearly than has hitherto been the 
case, and thus to give a better insight into the 


orogenesis. 
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DISCUSSION 


Dr. SCHÜRMANN inquires: (1) What is the position 
of the Deccan trap in your ophiolite scheme, and (2) 
how did the serpentines come to be in the pillow 
lavas? Are they residues of the root 5 km in diameter? 


Dr. KündIG: The Deccan traps are very thick 
accumulations of relatively thin flood basalt sheets of 
a tholeiitic magma with almost no differentiation. Their 
very uniform chemism is stressed by all authors. Such 
flood basalts apparently have nothing to do with 
orogeny, and are therefore unrelated to the initial 
magmatism (ophiolites). 

In India they are Cretaceous to Eocene fissure 
eruptions formed in an epirogenic tension phase on 
the craton. 

The occurrence of serpentines within ophiolitic 
flows and in combination with pillow lavas is frequent 
in S. E. Turkey, and we assume that a partial different- 
iation took place carly, in the fissure (or root). As has 
been said, the rheology, and also the autometamorphic 


processes of a submarine basic flow, are probably very 
complex and not easily explained, nor do sections vet 
exist which are sufficiently detailed to allow concrete 
statements to be made regarding these two aspects. 
As the serpentines and the non-serpentine-bearing 
ophiolitic association frequently occur dissociated, it is 
assumed that, owing to a varying degree of ’root 
dissociation’, flows of different combinations and even 
pure serpentine flows may occur, which probably also 
originate from different fissures, and all this in 
addition to the possibility of co-magmatic intrusions. 
The distributional pattern of the various components 
of a flow is probably also controlled by the morpho- 
logy or by the steepness of the sea-floor. 

Prof. MACGILLAVRY (Amsterdam): Dr. Kündig said 
that thickness of sediments is not necessarily character- 
istic for geosynclines. However, if geosynclines receive 
little sediment, the depth of the sea will become 
progressively deeper. If then the geosyncline is raised 


above sea-level, some points will be raised above the 
surface of the sea sooner than others. These will 
immediately begin to supply material to the adjacent 
deeper parts. A geosyncline, which is accessible to the 
geologist, will therefore always have ended with a 
final filling-up stage, containing thick sediments, unless 
the filling-up was affected by a large mass of extrusives. 
The end result in both cases will be a thick series. 

Has associatioun with pillow lavas also been found 
in the case of the Camaguey serpentine (Cuba)? 


Dr. KÜnDic: Sufficient studies have now been made 
to show that marginal foredeeps (idiogeosynclines of 
UMBGROVE) continental slopes and grabens may 
accumulate much thicker sediments than eugeosynclines, 
in contradiction to Hall’s original conception of a 
'Geosyncline‘. The thickness of sediments in a geo- 
syncline depends on many factors, such as, for instance 
the existence of an elevated borderland as an area of 
supply, the absence of a screening reef on the shelf, 
the climate and consequently the velocity and type of 
erosion, the velocity of subsidence of the geosyncline, 
etc. A complete fill-up only takes place if all such 
factors are favourable. Tectonization, however, may set 
in long before a final stage is reached. Not all 
sedimentation taking place after the holo-orogenic 
period, and particularly after the morpho-orogenic 
phase (such as, for instance, the Molasse tecto-facies), 
should be classified as geosynclinal s.str. Haarman 
(1930) in his "Die Oszillationstheorie” expressed this 
idea by saying that "sedimentation indicates subsidence, 
but subsidence is not necessarily followed by sediment- 
ation”. 

Unfortunately, little has yet been published about 
the huge serpentine masses in eastern Cuba (Camaguey). 
To our knowledge no pillow lavas have so far been 
reported, and from the scanty descriptions of the 
serpentines the conclusion may be drawn that at least 
part of them may be intrusive. 


Dr. PANNEKOEK (Haarlem): Dr. Kündig said that, 
in the Alps, the later morpho-orogenic phase occupied 
the same area as the original geosyncline and the zone 
of strongest tectogenesis, but that this is an exeption. 
Are there other tectogenes (mountain chains) where 
these phases also occupy the same area? And what may 
be the reason why this is the case in the Alps and 
not, for instance, in the Caribbean region or, to take 
another example, the Mediterranean? 


Dr. KÜNDIG replies that the coindence or approxi- 
mate coincidence in the Alps of what he termed 
morphorogen — the physiographic mountain ranges 
— with the ortho-orogenic zone was originally 
considered to be the rule. As the two phenomena 
belong, however, to two distinctly different phases, this 
need not necessarily be so. The distance between the 
axis of maximum morph-orogenic uplift and the axis of 
maximum deformation (ortho-orogenic zone) may 
amount, in the $. American Andes, to as much as 
300 km. A similar variance probably also exists 
between the axis of the eugeosyncline (1st phase) and 
the axis of maximum deformation (2nd phase). The 
varying degree of coincidence between morphorogen 
and ortho-orogen has been explained by Stille as 
depending on the elevation of the two cratons on 
either side of the orogen. The coincidence would be 
highest in the alpidic type with two elevated cratons 
and lowest in the andine type with a low (Pacific) 
craton and high (Brazilian) craton. 

Prof. TROMP (Oegstgeest). Personal observations in 
the Hattay and Egridir areas and in S.E. Turkey 
indicate that, in most of the large ophiolite areas in 


113 


Turkey, the "floating” Upper Cretaceous or even 
younger limestone blocks surrounded by ophilitic 
masses are sedimentary contacts, often separated by 
conglomerates containing serpentine pebbles; but, 
owing to the very irregular topography of the weather- 
ed serpentines, one often gets the erroneous impression 
that the ophiolite masses are intruded into the covering 
sediments. Later structural movements make these 
sedimentary contacts even more complicated in the 
above mentioned areas. 


Dr. KÜNDIG: Three possible contacts exist between 
ophiolites and ”floating” limestones: 
(a) normal sedimentary superposition of, as a rule, 
Maestrichtian reef limestones, occasionally with separat- 
ing pebble beds as mentioned by Dr. Tromp, 
(b) a low-grade thermo-contact with floating blocks of 
pre-ophiolitic age; the floating blocks frequently dis- 
play a bedding oblique or vertical to the contact face, 
(c) no tectonic contacts have been observed in the area 
under consideration, but they are liable to occur. 


Prof. \WESTERVELD (Amsterdam) inquires whether 
many of the peridotite masses of Turkey are not 
intrusions, instead of extrusions? Near Konya, for 
instance, limestone masses above peridotites are 
separated from the latter by tectonic zones. 


Dr. KÜNDIG agrees that it is possible that a great 
part of the peridotites and serpentine masses in Turkey 
and elsewhere are intrusive. Only where pillow lavas 
and radiolarites co-occur is an extrusion suggested. 
Tectonic complications with imbrications and over- 
thrusts (lepidorogen) are the rule in ophiolite belts, and 
the Turkish examples mentioned are an exception. The 
importance of these examples has here been over- 
stressed because the ophiolites are autochthonous and 
therefore demonstrate the original time and space 
relationship. It is very probable that other cases, after 
thorough restudy, might show that what has hitherto 
been considered as tectonic structure is actually due to 
”effusion tectonics”. 

Prof. VAN BEMMELEN (Utrecht): At he base of these 
”flood” ophiolites, as they are termed by Dr. Kündig, 
layers of peridotites are found. They are described by 
Dubertret from Syria and Hattay, and by Brunn from 
the Bourinos Mts. in N.W. Greece. Occurrence of such 
basaltic sheets, with peridotite at their base, underneath 
oceanic basins would produce the kind of seismic 
discontinuity which has been interpreted as being the 
”Moho”. But this would be a new or "pseudo-Moho” 
because, further down still, less basic material of the 
former sialic crust would be present, underlain by the 
old Moho-discontinuity. The upper peridotite layer of 
extrusive origin would form a barrier to the lower 
longitudinal waves coming from beneath. Would the 
”flood ophiolites” mentioned by Dr. Kündig produce 
such a seismic effect if they occurred on the floor of 
an oceanic basin? 

Dr. KÜNDIG replies that, in contrast to basaltic flood 
basalts the viscosity of ophiolitic mixtures must evident- 
ly have been much higher, otherwise the presence of 
differentiate layers and lenses would be difficult to 
explain. If the sheets spread out very widely from the 
fissure (30 km and more), it might partly be due to 
gravity gliding of possibly detached flows. The 
paroxysmal effusion of alpidic ophiolites probably took 
place in relatively shallow, epi-neritic seas, towards the 
end of the geosynclinal phase. Such ophiolites are 
nowhere overlain by thick pre-holo-orogenic sediments, 
and we therefore assume that no such deep-seated sheets 
occur in the alpidıc orogen, although local accumula- 
tions are very considerable. 
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Prof. DE- SITTER (Leiden) would like to know why 
Dr. Kündig still regards the great ophiolite pillow lava 
outflows as an orogenic phenomenon? After all, they 
have been found to be far more independent of 
orogeny in Asia Minor (Iranides) than in the Alps or 
‚Apennines. 

Further, what sort of connection is there between 
the peridotites and pillow lavas in the ophiolite zones 
‘of Asia Minor? 


Dr. KÜNDIG replies that a map, showing the 
distribution of ophiolites within the alpidic orogen 
would immediately indicate the close relationship 
between the two. No cratonic area proper comprises 
ophiolites, and wherever a shield splits open as a result 
of tension quite a different magmatic rock association 
comes to the surface. The ophiolites of southeastern 
Turkey occur in a gentle but distinctly. folded peri- 
cratonic zone which is marginal to the Iranides system 
of the alpidic orogen. 

With regard to the second question: Detailed petro- 
graphical and structural studies have not yet been made, 
except those of Dubertret, and what we observed during 
a short visit to S.E. Turkey was the lenticular 
occurrence of serpentine within a mass of diabase and 
pillow lavas, the whole complex being interbedded, 
conformably and without major tectonic disturbances, 


between Upper Cretaceous marls and marly limestones. 


Dr. DE ROEVER (Amsterdam) states that, to his 
opinion, the geological structure of Kabaena is not 
consistent with the hypothesis put forward by Dr. 
Kündig. Furthermore, cannot the example given by 
Dr. Kündig be interpreted as an overthrust sheet? 


Dr. KÜNDIG answers that he is not proposing an 
orthodox theory, but rather suggesting a possible 
explanation of a relatively simple and particularly 
clear case in $. E. Turkey. Overthrust structures by no 
means exclude the effusive character of ophiolites; on 
the contrary, both phenomena are probably frequently 
combined, although their causative connection is only 
very loose. Serpentines occurring at 
Kabeana, are probably also allochthonous, whereas he 
is now rather inclined to presume an autochthonous 
situation, with minor thrusting only, in the case of 
the great ophiolite masses of eastern Celebes, which he 
knows personally fairly well. But what has been said 
about insufficent exposure in humid tropical areas 
applies to all these occurrences. This is particularly true 
of serpentine masses. Not the slightest indication exists 
to the effect that the ophiolite masses in Turkey, as 
mentioned here, are thrust masses, but it is highly 
probable that elsewhere in Turkey ophiolite masses may 
form part of imbrication systems. 


Buton, near. 
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SIEB ABIRU TEN 297576 


THE ALPINE METAMORPHISM IN CORSICA 


C. G. EGELER! 


In this paper various aspects of the alpine 
metamorphism in Corsica are dealt with, as a 
contribution to the Symposium on ”Metamor- 
phism and Orogenesis”, The views brought for- 
ward are mainly based upon investigations made 
by the author in collaboration with Prof. Dr. H. 
A. Brouwer and upon results of investigations of 
students of the Amsterdam University, carried 
out for their doctoral dissertation (Netelbeek, 


1951; Ritsema, 1952; Stam, 1952; Brondijk, 1954; . 


De Booy, 1954; Spijer, 1955). Some principal 
points were elaborately discussed in former pu- 
blications (Brouwer and Egeler, 1951, 1952), and 
therefore will only be briefly mentioned here. 

The island of Corsica can be roughly divided 
into an autochthonous hercynian massif in the 
west and south and the Schistes Lustres Nappe 
itı the east, with in between a relatively narrow, 
tectonically complicated zone, in which par- 
autochthonous units play an important role. The 
metamorphism which accompanied the alpine 
orogeny has chiefly influenced the rocks now 
forming the Schistes Lustres Nappe. It has also 
affected many of the rocks of the above mention- 
ed intermediate zone, as well as some of those 
forming the eastern margin of the autochthonous 
massif. The alpine recrystallization is a meta- 
morphism on a regional scale, chiefly in the 
glaucophane schist facies; metamorphism in the 
green schist facies is of more local occurrence. 
Frequently the two facies are found together, in 
which case the green schist metamorphism may 
be either older or younger than the glaucophane 
schist metamorphism (e.g. Netelbeek, 1951, p. 
12): 

Besides the alpine metamorphism, an older, 
pre-Permian metamorphism can be distinguished. 
The crystalline schists produced by this older 
metamorphism are of considerable distribution, 
especially within the autochthonous massif, where 
they are often closely associated with granites. 
Where the pre-Permian schists occur on the 
eastern side of the autochthonous massif, they 
usually appear to have been originally meta- 
morphosed in the amphibolite facies, the most 
common rock types being micaceous schists, 


1 Geological Institute, University of Amsterdam. 


gneisses, and amphibolites. These older schists, 
however, are almost invariably polymetamorphic, 
and the alpine metamorphism has occasionally 
led to total reconstitution (Spijer, 1955), espe- 
cially near the main overthrust zone. 

The fact that the alpine and the older metamor- 
phism differ in facies, has proved invaluable for 
the discrimination between the various meta- 
morphic products, and especially for that between 
the schistes lustres and older polymetamorphic 
schists with a habit that is principally determi- 
ned by the alpine metamorphism. In this respect 
the fact that the alpine metamorphism is mainly 
represented by the glaucophane schist facies, 
which has such conspicuous minerals as soda- 
amphiboles, soda-pyroxenes and lawsonite as cri- 
tical minerals, has been particularly helpful. On 
Corsica glaucophane, crossite, acmite- and ja- 
deite-rich pyroxenes, and lawsonite may be used 
as guide minerals for the alpine metamorphism, 
and the same holds good for stilpnomelane and 
presumably also for pumpellyite2. On the other 
hand, such minerals as non-fibrous, green horn- 
blende of metamorphic origin, as well as biotite, 
are considered as characteristic for the pre-Perm- 
ian metamorphism. In our opinion this con- 
cept of guide minerals of regional importance 
(see also Staub, 1948), or perhaps also in some 
cases of general validity (De Roever, 19506), has 
not always been given sufficient attention. In this 
respect De Roever’s conclusions on the geological 
distribution of the mineral lawsonite are of con- 
siderable interest. 

The glaucophane schist metamorphism as de- 
veloped on Corsica, being a metamorphism on a 
regional scale, is considered to have been princi- 
pally controlled by special physical conditions 
(Brouwer and Egeler, 1952, p. 57). Its products 
have been derived from rocks of widely varying 
character and composition, which in many cases, 
neither before nor after the metamorphism were 
rich in soda. This latter fact is made clear when 
considering some of the chemical analysis of 
glaucophane-bearing metamorphics derived from 


2 Outside Corsica both stilpnomelane and pumpel- 
lyite are known from areas without glaucophane, cros- 
site or lawsonite, showing a greenschist-like facies, 
which needs further definition. 
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basic igneous rocks (Brouwer and Egeler, 1952, 
Table I, anal. I, II, II, IV). Thus, it may be 
emphasized, that on Corsica no facts have been 
found indicating that introduction of soda has 
played an essential role in the production 
of the soda-amphibole- and soda-pyroxene-bea- 
ring rocks. This does not imply, however, that 
metasomatic processes may not have taken place, 
either before or during the metamorphism. With 
respect to the first possibility we may mention 
the unusual concentration of albite and of soda- 
amphiboles and soda-pyroxenes of metamorphic 
origin within a narrow contact zone around cer- 
tain ophiolitic bodies, a phenomenon attributed to 
pre-metamorphic soda-enrichment related to the 
ophiolite intrusion (e.g., Netelbeek, 1951, p. 63, 
66-67). With respect to the second possibility 
we may mention the wide-spread distribution of 
may also have affected the degree of "glauco- 
phane-bearing and related rocks, a phenomenon 
mainly attributed to syn-metamorphic soda-me- 
tasomatism 3. It is clear that this latter process 
may also have affected the degree of "”glauco- 
phanization” of the rocks in question, though it 
is not possible to estimate to which extent. On 
the other hand the metasomatism can not pos- 
sibly be held responsible for the formation of the 
bulk of the soda-amphiboles and soda-pyroxenes. 
These minerals are abundantly formed in rocks in 
which all evidence of soda-enrichment is lacking, 
petrographically as well as chemically. When me- 
tasomatic albite is present, it is usually younger 
than the glaucophane. 

It may be especially emphasized that the theory 
that the ophiolites may be responsible for the 
glaucophane schist metamorphism, finds no sup- 
port in Corsica. With regard to the ultrabasic in- 
trusions it is often possible to prove that their em- 
placement has preceded the regional metamor- 
phism, while it is clear that the same holds good 
for the gabbros, doleritic rocks, spilites and tuf- 
faceous rocks, which themselves represent the 
initial material of the great majority of the glau- 
cophane-rich rocks. Moreover, the regional dis- 
tribution of the glaucophane is distinctly inde- 
pendent of the presence of ophiolitic bodies. 

The age of the glaucophane facies metamor- 
phism in relation to the deformation has been 
elaborately discussed in former publications 
(Brouwer and Egeler, 1951, 1952). Evidence was 
given that the production of most glaucophane 
preceded the feldspathization and related meta- 
somatic processes, which themselves were mainly 
syntectonic but have in part outlasted the inter- 


3 Potash metasomatism, resulting in the formation 
of porphyroblastic microcline, is a much rarer phe- 
nomenon (Brouwer and Egeler, 1952, p. 35). 


nal movements under consideration. The produc- 
tion of part of the glaucophane, however, has 
taken place simultaneously with, or perhaps even 
after these metasomatic processes. Thus, the glau- 
cophane facies metamorphism has continued into 
a fairly advanced stage of the orogenic move- 
ments. The fact that it has locally affected the 
parautochthonous units as well as the eastern 
margin of the autochthonous massif, is conside- 
red consistent with this conclusion. So is Bron- 
dijk’s observation that, in the meta-gabbros and 
green schists of the Schistes Lustres Nappe east 
of Ponte Leccia, blue amphiboles are especially 
found near the thrust-plane over the lower units, 
as well as along thrust-planes in the nappe itself 
(Brondijk, 1954, p. 58, 103). On the other hand 
ie is clear that the metamorphism of the schistes 
lustres must have been largely completed before 
the nappe reached its present position. This is 
evidenced by the usual difference in degree of 
metamorphic recrystallization at both sides of the 
main overthrust (Spijer, 1955, p. 112); here, the 
schistes lustres s.s. are generally entirely recrys- 
tallized, in contrast with the autochthonous or par- 
autochthonous sediments, which in many places 
are almost or wholly devoid of metamorphic ef- 
fects. 


But little is definitely known on the age of 
the schistes lustres series and that of the alpine 
metamorphism in Corsica. Ritsema (1952, p.57) 
and De Booy (1954, p. 20, 55 and 58) contend 
that, in the areas of Corte and Francardo, respec- 
tively, there is a transition, transverse to the strike, 
from the schistes lustres s.s. towards the (par)- 
autochthonous series, which latter they suppose 
to be — at least for an important part — of 
Tertiary age. A comparable transition from 
schistes lustres into autochthonous or parautoch- 
thonous sediments — though now in a 
longitudinal sense — has recently been described 
from further south (Fium’ Orbo) by Bloch 
and Routhier (1954). Whereas these authors 
point out that this does not imply that the 
schistes lustres s.s. are entirely, or even for 


the greater part, of Eocene age — since it is 
possible that different parts of a "formation 
tres comprehensive” are dealt with — they are 


in favour of a relatively young, perhaps partly 
Eocene, age for the schistes lustres in the south. 


This would imply that in the south of the 
island the alpine metamorphism has proceeded, 
or at least has been completed, during the Ter- 
tiary. The same conclusion was reached by Rit- 
sema (1952, p. 74) for the Corte region, on ac- 
count of the occurence of newly formed crossite 
in conglomerates which he considers to be of 
Eocene age. Moreover, it appears to be in har- 


is 


‚ mony with our own conception, stated above, 
that on Corsica the metamorphism of the schistes 
lustres continued into a fairly advanced stage of 
the orogenic movements, in which the (par) - 
autochthonous units have participated. 

A divergent view regarding the age of the 
schistes Justres metamorphism has recently been 
brought forward by Laporte (1954a), for the 
north of the island. According to this author the 
metamorphism of the schistes lustres of Bastia 
has taken place before the end of the Cretaceous. 
This is concluded on account of the presence of 
fragments of micaschist (Centuri gneiss) claimed 
to belong to the schistes lustres metamorphism, 
within the ”Breche de Tamarone” (Cap Corse), 
which Laporte holds to be of Upper Cretaceous 
age. In a second publication the same author 
mentions the presence in the Ersa-Centuri area, 


of gneisses resembling older, i.c. hercynian rocks ° 


(Laporte, 1954b). Notwithstanding this, he sug- 
gests that the Centuri gneiss represents a facies 
of the schistes lustres that may correspond to a 
more intensive metamorphism #. 

In our opinion, however, the geological po- 
sition of the Centuri crystalline schists, i.e. their 
relation with the schistes lustres, is still uncertain, 
and in need of further investigation based upon 
the metamorphic facies criteria, described in an 
earlier part of this paper. Some amphibolites and 
micaceous schists from near l’Orche, east of Cen- 
turi, which resemble schistes lustres, were men- 
tioned in a former paper (Brouwer and Egeler, 
1948). A renewed study of these rocks led to the 
revised conclusion that pre-Permian crystalline 


4 A third paper by Laporte (Bull. Soc. Ge&ol. de 
France, Serie 6, 5, p. 115-123, 1955), in which 
the geological position of the Centuri gneiss is sub- 
jected to further discussion, was published after the 
symposium during which the present paper was read. 
Laporte now suggests that the Centuri gneiss is formed 
by metasomatic transformation of sericitic schistes 


lustres. 
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schists are dealt with here. Taking this into ac- 
count, the possibility of a pre-Permian age for 
the schist fragments occuring within the ”Bröche 
de Tamarone” certainly deserves further attention, 
This would indeed provide a logical explanation 
for the apparent discrepancy between Laporte’s 
findings and what is known on the age of the 
alpine metamorphism elsewhere in Corsica. 
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DISCUSSION 


Prof. DE SITTER (Leiden )draws attention to an 
example of soda-metasomatism and basic intrusion, 
which reminds him of the phenomena described by 
Dr. Egeler from the boundary zone of Corsica, i.e. the 
scapolitization and peridotite-gabbro intrusion ın the 
Urgonian limestones in the fault zone of the northern 
Pyrenees. He points out that in this latter region 
scapolitization and basic intrusion, though restricted to 
the same zone, do not show mutual dependence in 
their distribution. Whether in the Pyrenees one can 
also distinguish a pre-metamorphic soda-enrichment 
and an independent syn-metamorphic soda-enrichment 
is not known. \ 

Dr. EGELER stresses the fact that in Corsica the 
pre-metamorphic soda-enrichment is a very local 
phenomenon. In his opinion one must rule out any 


direct relationship between this phenomenon and the 
syn-metamorphic soda-enrichment, the source of which 
is uncertain. 

Mr. PALM (Utrecht) inquires whether soda-enrich- 
ment, besides occurring within the Schistes Lustres 
Nappe, has also been observed within the autoch- 
thonous massif. If so, is this metasomatism restricted 
to the zone nearest to be overthrust? 

Dr. EGELER replies that Stam described albitization 
of potash-feldspar in the hercynian granites of the 
Tenda, as being especially developed on the eastern 
side of this massif. The same author attributes the 
presence of metasomatic microline in these hercynian 
rocks to the alpine metamorphism. Dr. Egeler points 
out that in the schistes lustres the feldspathization 
ıeading to the formation of albitic gneisses, is largely 
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localized in the zone where the Schistes Lustres Nappe 
borders upon the (par)autochthonous. This is so 
conspicuous that a relationship between the thrust 
planes and the ascent of the agents responsible for the 
metasomatism seems obvious. On the other hand, 
intensive metasomatism, leading to the formation of 
albite-rich (partly also microcline-rich) gneisses has 
also been found further eastwards within the nappe. 
For example, rocks of this type are exceptionally well- 
developed in the Serra di Pigno area, west of Bastia. 
The possibility may be considered, that here the respon- 
sible materials have migrated along thrust planes 
within the nappe. i 

Rocks containing soda-amphiboles of metamorphic 
origin have been found in the eastern part of the 
autochthone massif. They generally occur in mylonit- 
ized zones in the hercynian granite and also in dioritic 
rocks showing the influence of the alpine dislocations. 
It is difficult to say, however, in how far metasomatism 
has played a tole in their formation. 

Prof. E. NIGGL1 (Leiden): In the French Alps, Ellen- 
berger demonstrated that the great thrust of the „nappe 
des schistes lustres” took place before the alpine 
metamorphism. Could it not be that this is also the 
case in Corsica, but that the alpine metamorphism in 
the autochtonous is more difficult to see, because most 
of the autochthonous rocks (granites, gneisses, etc.) are 
rather resistent to a ”degrading” glaucophane schist 
metamorphism? 

Dr. EGELER replies that, while minerals of the alpine 
metamorphism are locally found within the parautoch- 
thonous and autochthonous rocks, the difference, not 
in grade of metamorphism, but in degree of meta- 
morphic recrystallization at both sides of the thrust 
zone, is generally conspicuous. This applies to rocks of 


comparable lithology, i.e. arenaceous and argillaceous 
schists of the schistes lustres and sandstones and slates 
of the (par)autochthonous. In general the difference 
proves to be so great, that one is forced to assume 
movements of considerable magnitude, after the meta- 
morphism of the schistes lustres was largely completed. 
The conditions in Corsica, therefore, lead to a con- 
clusion that is divergent from that drawn by Ellen- 
berger for the French Alps. 

Prof. WESTERVELD (Amsterdam) remarks that post- 
metamorphic overthrusting seems to be a phenomenon 
of more general validity, as it is also known from 
older mountain systems, for instance the Caledonides. 

Dr. EGELER agrees with Prof. Westerveld. The 

Caledonides of Swedish Lapland may serve as an 
example. Here, higher metamorphic units are often 
thrust over lower metamorphic ones. 

Dr. KünDIG (B.P.M.) asks whether there are indica- 
tions that the regional metamorphism — having essen- 
tially taken place before the overthrusting — procee- 
ded at great depth (with tectonization). 

Dr. EGELER replies that on Corsica no safe con- 
clusions can as yet be drawn regarding the depth of 
metamorphism of the schistes lustres. With respect to 
the origin of the glaucophane facies metamorphism, 
which he considers a regional dislocation metamor- 
phism, and the temperature — pressure conditions 
responsible for this type of metamorphism, Dr. Egeler 
tefers to the paper to be read by Dr. Roever. 

Mr. STRUWE (Leiden) inquires whether there are 
non-gneissic granitic rocks in Corsica, which have 
been subjected to soda-metasomatism. 


Dr. EGELER replies that in the eastern margin of 
the autochthonous massif almost all granitic rocks are 
more or less gneissic. 


va rn 
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THE GEOLOGY OF THE GLAUCOPHANE ROCKS IN 
TURKEY AND JAPAN: A SUMMARY 


H. M. E. SCHURMANN 


MINERALOGY 
Blue ampbhiboles 


Most epizonal glaucophane rocks, s.l., contain 
several types of blue amphiboles, frequently of 
zonal structure, which are often connected with 
each other by mineral transitions. X-ray analyses 
show that they generally occupy separate fields, 
and that riebeckite (crocidolite) originating under 
epizonal condition differs somewhat from rie- 
beckite of deep seated igneous rocks or of rocks 
of catazonal metamorphism (fig. 1). 

Grarnets 


In contrast to other garnets, the garnets of the 
glaucophane schists s.l. frequently consist of 4 
important components, and constitute a separate 
VPeEW ING == 3991,80: A==11159,; 
The almandine and pyrope molecules predomi- 
nate; sometimes they show a not inconsiderable 
Mn content. The observable physical data are 
such that the chemical composition cannot be 
deduced from the Stockwell and Winchell dia- 
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Fig. 1 — a0 - co diagram showing fields of riebeckite, 
glaucophane and crossite. 


GENESIS 


Glaucophane schists s.l. nearly always occur 
together with ophiolites (serpentine, etc.), a rock 
type originating from a geosynclinal magma 
which frequently occurs with secondary spilitic 
pillow lavas and radiolarites comprising the 
„Steinmann trinity”, and which, after subsequent 
unilateral stress, caused a Na metasomatism. 


During.the Mg metasomatism, which probably 
represents an endogenic contact metamorphism of 
the peridotitic magma, hornblende rocks of dif- 
ferent composition originated, in part strongly 
crystalline, which, however, are not equivalents 
of the epizonal amphibolites. The Na metaso- 
matism with formation of glaucophane followed 
later. Occasionally glaucophane occurs in veins 
in the country rock. 


GEOLOGY 


The absence of glaucophane rocks in some 
orogenic areas having typical ophiolites and stress 
phenomena can partly be attributed to purely tec- 
tonic causes. As tectonic lubricant, serpentine 
may occur far away from the original intrusive 
contact. In some orogens with typical ophiolites, 
no glaucophane rocks have as yet been observed. 
However, the presence of glaucophane rocks is 
indicated by the appearance of glaucophane 
among the heavy minerals in younger sediments. 
In Iraq, for instance, glaucophane was observed 
years ago among heavy minerals in the Fars Se- 
ries, but the glaucophane schists have only re- 
cently been discovered in situ in the Persian Ira- 
nides (written communication from Gansser). 

In New Guinea and the Carpathians, to my 
knowledge, no glaucophane schists have yet been 
found in situ either, but most probably they will 
also be discovered at some future date in these 
pennine zones with serpentines, etc., as glauco- 
phane has been determined among heavy minerals 
in the younger Tertiary of both areas. 

In some orogenic areas, typical glaucophane 
rocks appear, although up till now no serpentine 
or related ophiolites could be traced there. I 
consider that in such cases we must assume that 
serpentine masses occur at a relatively shallow 
depth underneath these glaucophane schist areas, 
but that up to now they have not been subjected 
to erosion. An example is, in my opinion, the 
glaucophane schist area of Sesia-Lanzo, Graian 
Alps (Cuorgne). As regards this area Michel be- 
lieves in a Na metasomatism, but does not con- 
nect it with the ophiolites, which are abundant in 
areas poor in glaucophane schists but are only 
very rarely found in areas rich in glaucophane 


schists. 
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JAPAN 


As a guest of the Japanese Geological Survey 
and various mining companies, I visited in May 


1953: 
(I) the Besshi section on Shikoku, 


(II) the Uenohara section (Hokizawa, WSW of 
Tokyo), 


(III) the Chichibu section, NW of Tokyo, 


(IV) the Asahikawa section in Central Hok- 
kaido (fig. 2). 
In Japan I had the privilege of having detai- 
led discussions with Japanese and American col- 
leagues. 


(I) The classical Besshi section shows ophioli- 
tes, piedmontite schists, glaucophane rocks s.l., 
amphibolites, but no typical radiolarites. Origi- 
nal limestones occur only seldom, as marble in 
the amphibolite series. Geosynclinal rocks of Pa- 
laeozoic age became metamorphosed (slightly 
epizonal) during the Triassic (Labinic main fol- 
ding phase). In the younger Mesozoic, serpentines 
intruded and Na metasomatism followed after- 
wards. There the albite porphyroblasts and glau- 
cophane needles exhibit no tectonic influence. The 
Besshi section was studied underground to a 
depth of 1,600 m and in outcrops. The glauco- 
phane rocks do not occur as metamorphic aureo- 
les; rather, they have tended to form in strata of 
a certain permeability. Other sediments — for 
instance, some rich in quartzite — rendered 
possible formations of piedmontite extending for 
many kilometres. Albite porphyroblasts and glau- 
cophane are observed to be mutually exclusive. 


(I) The Uenohara section shows green schists 
(partly spotted) without glaucophane rocks. Ser- 
pentine and radiolarite are missing, while pied- 
montite schists occur occasionally. I regard these 
green schists as Labinic, metamorphosed Palaeo- 
zoic rocks with volcanites, which underwent 
contact metamorphism during the younger Meso- 
zoic as a result of a granodiorite intrusion, and 
which at present exist as hornblendites of granu- 
litic habit. Glaucophane, which may have origi- 
nated earlier, has disappeared as a result of this 
contact metamorphism. I do not agree with Sugi’s 
and Yoshi’s conception of the presence here of 
dynamo-metamorphic volcanic younger Tertiary 
which was contact-metamorphically changed by 
quartz diorite rnasses during the Pliocene (a uni- 
que even!), but I do agree with the views of 
the older Japanese authors. Between the Palaeo- 
zoic series and the volcanic younger Tertiary, 
important faults occur. The younger Tertiary is 
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Fig. 2 — Sketchmap of Japan showing areas under 
discussion. I, Besshi; II, Uenohara; III, Chichibu; IV. 
Asahikawa; V, Urakawa; VI, East Shikoku; VII, Novi- 
moto. Horizontal stripes: Paleozoics; dots: crystalline 
schists and phyllites; crosses: gneiss; line partly broken: 
metamorphic belt in outerzone. 


partly somewhat mylonitized in the thrust-fault 
area. 


(II) The Chichibu section exhibits Palaeozoic, 
characterized by serpentine intrusions and ra- 
diolarites in parts. The Palaeozoic contains vol- 
canites. Piedmontite schists and stilpnomelane 
schists have long been known to occur in these 
areas. I did not succeed in proving the presence 
of glaucophane schists, but I did succeed, for the 
first time, in defining the occurrence of blue 
amphiboles in small quantities in sligthly epizo- 
nal metamorphic schists, resembling those of 
Central Hokkaido. 


(IV) In Central Hokkaido serpentine, radio- 
larites and diabase schists occur in a Palaeozoic 
schist series, together with zones of epizonal me- 
tamorphic schists containing actinolite and blue 
hornblende. These schists are bluishblack and, 
even in the field, were considered to be probably 
glaucophane bearing. Years ago, in the adjoining 
area, Suzuki collected typical glaucophane schists 
(partly also containing crocidolite and crossite). 
My own discovery represents, in my opinion, a 
case of incipient glaucophane formation which 
has come to a premature, abrupt end. 


In the copper mine of Shimokawa, situated to 
the N of Asahikawa, rather violently distorted 
diabase schists occur in the Palaeozoic schists; 
however, very little serpentine is present and, 
what serpentine there is, is particularly strongly 
tectonized but still contains the contact rock ro- 
dingite, which was also observed in the Asahi- 
kawa section. I did not find either glaucophane 
or radiolarite in the Shimokawa mine where me- 
tamorphism is weaker than in the Kamuikotan 
section. 


If the points of observation I-IV, described 
above and the localities V-VIII, known from 
the literature on the subject, were to be plotted on 
a geological map, they would all be found to lie 
on one tectonic line in the Japanese outer zone. 


TURKEY 


In Turkey, which I visited in October 1953, 
the question of the age of the serpentines has 
not yet been solved. It is probable that two ser- 
pentines of different age exist, viz.: 


(1) of young Cretaceous age, e.g., Hatay, in the 
frontier zone between Turkey and Syria 
(Dubertret) and 


(2) of Palaozoic age, e.g., the Pozanti section 
in the Taurus (Hiessleitner) or the Marma- 
ris serpentines in SW Anatolia (van der 
Kaaden, Metz). 


It is striking that in Turkey ampibolites occur 
with both younger Mesozoic and Palaeozoic ser- 
pentines; they may possibly represent an endo- 
genic contact product of the peridotite magma. 
These amphibolites have been changed by Na 
metasomatism into glaucophane schists s.l. in 
areas of more pronounced, younger orogenesis. In 
tectonically quieter areas, such as the Hatay 
shelf area, no Na metasomatism seems to have 
taken place. 

Glaucophane schists are generally very abun- 
dant in Turkey and, as far as I could ascertain, 
they are always connected with serpentines. 


I. In the Pontides section Gerede-Zonguldak, 
radiolarites and green schists were to be seen, 
in addition to more or less strongly contact-meta- 
morphic Palaeozoic schist (plutonic rocks of gra- 
nitic to gabbroid composition). No glaucophane 
rocks were discovered in this particular section. 
Perhaps the serpentine occurences are t00 small 
here, or a later contact metamorphism may have 
wiped out the Na metasomatism. Further east 
ir the Pontides glaucophane has been discovered 


by earlier explorers. 
IL. In the Taurus section, at Pozanti, 1 disco- 
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vered glaucophane traces in the Palaeozoic 
schists intruded by serpentine. This series is over- 
lain by a (?) Mesozoic „red breccia” containing 
crushed fragments of serpentine, from which we 
may conclude that the serpentine here is older 
than the „red Breccia”. In the more remote sur- 
roundings of Pozanti, Blumenthal mapped typical 
glaucophane rocks near big serpentine massifs. 


II. In the Eskisehir section in Central Anato- 
ha 1 discovered a large and very varied glauco- 
phane schist occurrence Here, some typical 
glaucophanites exist, which, through reduction of 
the glaucophane content, pass over into normal, 
partly coarsely-crystalline hornblende schists, 
which do not represent an amphibolite of regio- 
nal-metamorphic origin. Not only abundant ser- 
pentine, but also gabbroid and even dioritic in- 
trusions, were observed, in addition to disturbed 
radiolarites and some marble; all probably of 
Palaeozoic age. It is still uncertain whether the 
glaucophanization here is also of Alpide age, as 
is the case in the Marmaris (van der Kaaden, 
Metz). 


IV. General geology. — In Central Anatolia I 
assume a pronounced relief of the older forma- 
tions before the young Tertiary deposits, which 
does not present really young folding. The "An- 
kara melange” need not, in my opinion, be ex- 
clusively tectonic, if one accepts an old steep 
relief. Bailey’s ”Anatolian thrust”, connecting the 
Pontides with the Taurides, seems therefore to 
me to be less probable. Van der Kaaden and Metz 
distinguish peridotites from spilites in the Mar- 
maris. As the difference in age is relatively small, 
I believe I can here still adhere to the Steinmann 
trinity. Just as in Sesia-Lanzo (Michel), an en- 
dogenic contact metamorphism very probably 
occurs at the intrusion of the peridotitic magma 
(initial), which metamorphism is, in the first 
place, a Mg metasomatism. During the younger 
orogenesis (Alpine, Tauridic) the serpentinization 
coincided with a Na metasomatism, which, 
under certain conditions caused a glaucophani- 
zation, and under other conditions an albitization 
(compare Besshi; Gran-Paradiso-Lanzo; spilitiza- 
tion in the Marmaris). In my opinion, the occur- 
rence of surface effusion of serpentine in the 
form of pillow lavas, emphasized by Bailey, 
should be regarded as still more of an exception. 
I concluded from my observations that in the 
majority of cases the serpentine is to be regar- 
ded as originally a peridotite intrusion which 
became serpentinized on exposure to subsequent 
tectonic influences. 


Acknowledgment. — 1 thank Peter Leicester 
for reading and correcting the typescript. 
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DISCUSSION 


Dr. KunniG (B.P.M.): Does not the combination of 
glaucophane-schists with piedmontite-bearing rocks — 
which seems to be characteristic for the western 
Pacific — have rather more significance than the 
occurrence of glaucophane alone, as it suggests a 
fundamental principle rather than Na-metasomatism 
alone? 

Dr. SCHURMANN replies that, as far as he is informed 
piedmontite-schists are typical sediments, mainly very 
rich in quartz. In his opinion it is improbable that 
the sandstones have been rich in manganese. He is 
inclines to consider the manganese content as migrated 
into the sandstone. In some areas of Japan manganese 
ore does occur in the Carboniferous formation, which 
under the influence of regional metamorphism changed 
into green schists and related rocks. As glaucophane- 
schists have a more world-wide distribution than pied- 
montite-schists, Dr. Schiirmann concentrated on them 
first, but he agrees that the comparisons suggested by 
Dr. Kündig are certainly of value. 

Prof. BROUWER remarks that, while Dr. Schiirmann 
has stressed the co-occurence of glaucophane-rocks and 
ophiolites, this co-occurrence does not necessarily in- 
dicate mutual dependence. This is the more so, as the 
rocks under consideration occur in regions with com- 
plicated tectonic relations. 

Dr. EGELER (Amsterdam) wishes to sustain Prof. 
Brouwer’s remark that the association of certain rock 
types need not imply that the one is responsible for 
the formation of the other. It must be pointed out 
that on Corsica a great number of the glaucophane- 
bearing rocks are original ophiolites, so that the latter 
can not possibly be responsible for the glaucophane- 
facies metamorphism. As pointed out in his paper, 
this metamorphism, in Corsica, is a metamorphism 
on a regional scale, that has also affected the ultra- 
basics. The latter, however, due to their chemical com- 
position, could not produce minerals critical for the 
glaucophane schists facies. In this connection it is 
interesting to note that in Corsica transitional types, 


containing i.a. chromite and often rich in serpentine, 
have been found, in which such critical minerals as 
blue amphiboles have indeed been produced. 

Dr. Egeler emphasizes that, whereas in his paper 
he has confined himself to the origin of the glau- 
cophane facies metamorphism on Corsica, there are 
many other areas of glaucophane-bearing rocks that 
show similar conditions, e.g. eastern Celebes. It would 
seem that in California conditions have been some- 
what different. To his opinion, however, the Califor- 
nian area needs further investigation. In this connection 
a recent publication by Brothers may be mentioned, 
and the ensuing discussion between said author and 
Dr. de Roever in the Amer. Journ, of Science. 

Dr. DE ROEVER (Amsterdam) would like to call 
attention to the fact that, disregarding some water, 
glaucophane is chemically equivalent to albite plus 
serpentine. Such a reaction, however, is not often 
found in nature. A better example is 


10 NaAlSi30g + 2 Mg5Al(OH)sSi3Al010 + 
albite chlorite 


CaaMg;(OH)2Sis032 — 
tremolite 


5 NaaMg3Als(OH)sSis0ag + 2 CaAls(OH)>Sio07.H30 
glaucophane lawsonite 


Glaucophane, therefore, is not comparable to mine- 
rals as acmite, riebeckite, etc., that are common con- 
stituents of alkaline rocks and in which soda strongly 
dominates over alumina. The formation of glauco- 
phane, to Dr. de Roever’s opinion, often need not 
imply soda-metasomatism. 

Dr. SCHURMANN states that he has stressed the point 
that the bulk of the glaucophane schists belong to the 
paraschists (sediments and not volcanics). Sediments 
containing that much quantities of albite to produce 
glaucophane schists are very rare! Therefore, he still 
believes in Na-metasomatism. 


we 


ABSTRACT 


Many regionally metamorphosed rocks found in post- 
Paleozoic orogenic zones show important mineralogical 
differences from the corresponding rocks in older 
orogenic belts. Metamorphism in the glaucophane 
schist facies, for instance, shows a striking preferential 
distribution in the post-Paleozoic orogenic belts. 
Furthermore, it seems that all known lawsonite is of 
post-Paleozoic age. It is suggested that post-Paleozoic 
regional metamorphism, when compared with pre- 
Mesozoic regional metamorphism, is characterized by 
the predominance of less steep geothermal gradients 
during the main phase of metamorphism. There may 
have been a general, though possibly oscillating, 
decrease in the steepness of the geothermal gradients 
during the main phases of regional metamorphism 
from the early pre-Cambrian toward the youngest 
orogenic epochs, involving certain changes in the 
character of the metamorphic mineral assemblages 
produced. Seen in this light, it seems by no means 
impossible, for instance, that lawsonite will indeed 
appear to be a guide mineral for post-Paleozoic meta- 
morphism. It is hoped that the results of this study 
will encourage further investigations in this interesting 
field of historical mineralogy and petrology. 


A comparison between post-Paleozoic and pre- 
Mesozoic regional metamorphism involves many 
difficulties. In many cases it is still unknown 
whether a certain type of metamorphism shown 
by older rocks in a given orogenic belt was pro- 
duced during the formation of that belt or during 
a previous orogenic cycle. Moreover in several 
regions even the age of the original rocks is 
unknown. Therefore a comparison of post-Pa- 
leozoic and older regional metamorphism can 
only be based on data gathered in comparatively 
well-known regions, the age relations in adjacent 
parts of the same orogenic belt being inferred 
by analogy. 

A further difficulty is that the most detailed 
classification of the different types of metamor- 
phism, the classification according to Eskola’s in- 
genious facies principle, has not yet been gener- 
ally accepted as one of our most important aids 
in the study of polymetamorphic rocks ?. Classi- 
fication according to the facies principle is par- 
ticularly useful when the different types of met- 
amorphism shown by polymetamorphic rocks 
are of an approximately similar grade; this is illus- 
trated by the results of recent investigations of 


1 Geological and Mineralogical Institute, University 
of Leiden, formerly Geological Institute, University of 
Amsterdam. 
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SOME DIFFERENCES BETWEEN POST-PALEOZOIC AND OLDER 
REGIONAL METAMORPHISM 


W. P. DE ROEVERI! 


rocks from Celebes (de Roever, 1947, 1950, 
1953) and in Corsica (Brouwer and Egeler, 1952; 
Egeler, 1956; further references are given in the 
last-named paper). Particularly in the description 
of rocks from the Alps, Eskola’s classification has 
only seldom been used. Hence a comparison of 
post-Paleozoic and older regional metamorphism 
cannot be adequately based on facies studies. It 
is to be welcomed, therefore, that the use of the 
facies classification was recently recommended by 
the well-known Swiss petrologist Bearth (1952). 


A general comparison between post-Paleozoic 
and pre-Mesozoic regional metamorphism, how- 
ever, can also be based on the study of those 
minerals which show a preferential distribution 
in either the post-Paleozoic or the older orogenic 
belts. As already recognized by Eskola (1929), 
one of the most striking differences in this 
respect is represented by the abundance of 
glaucophane and crossite in the metamorphic 
rocks of the post-Paleozoic orogenic zones and 
their scarcity and local occurrence in the older 
belts. Glaucophane and crossite are very widely 
distributed, e.g., in Corsica, along the Franco- 
Italian border, in Greece, in Celebes and in 
New Caledonia, where these minerals may 
occur in extensive regions. On the other hand, 
the older areas with glaucophane or crossite are 
small, e.g. those of Ayrshire, Anglesey, Ile de 
Groix, Queensland (Schürmann, 1951, 1953), and 
northern Portugal (Cotelo Neiva, 1948, p. 122- 
125). Of all blue metamorphic amphiboles 
known, more than 95 percent, perhaps even con- 


2 The reluctance of many authors to use the facies 
classification may have been caused partly by the 
unsatisfactory character of the definitions of a meta- 
morphic facies given in several important textbooks. 
This question was recently discussed by Ramberg 
(1952, p. 136), who gave the following more appro- 
priate definition: "Rocks formed or recrystallized 
within a certain P,T-field, limited by the stability 
of certain critical minerals of defined composition, 
belong to the same mineral facies.” Again, some 
authors may have rejected the facies classification for 
polymetamorphic rocks because the mineral assem- 
blages of such rocks do not closely approximate equilib- 
rium conditions. If, however, the existence of a 
number of given metamorphic facies has been 
definitely established, and if the corresponding critical 
minerals or associations are sufficiently known, it is 
ılso warranted to use these data for the disentangling 
»f the history of polymetamorphic rocks. 
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siderably more, seems to be of post-Paleozoic 
age. 

A still more striking preferential distribution* 
is shown by the mineral lawsonite. This mineral 
is of plentiful occurrence in many parts of the 
post-Paleozoic orogenic belts, where it is confined 
to regions with glaucophane-bearing rocks. On 
the other hand, no lawsonite seems ever to have 
been found in Anglesey or Ayrshire (personal com- 
munication by Professor Tilley), in Ile de Groix 
(unpublished investigations by the present author) 
and in the other older occurrences of glaucophane 
and crossite. Indeed, it seems that all lawsonite 
known is of post-Paleozoic age. It may be that 
some exceptions to this rule will be found, or 
have already been found, but the fact remains 
that there are empirical indications that if not 
all, virtually all lawsonite was produced by post- 
Paleozoic metamorphism. 

On the other hand, there are at least several 
minerals that seem to be less wide-spread as 
post-Paleozoic than as older metamorphic prod- 
ucts. Staub (1948) assumes that biotite, horn- 
blende, and several other minerals show a pref- 
erential distribution in the oldest rocks of the 
Alps. In several other parts of the post-Paleozoic 
orogenic belts large quantities of metamorphic 
biotite3 seem to be confined to pre-Mesozoic 
units incorporated in these belts. This is consid- 
ered to hold true for large parts of Corsica 
(Egeler, 1956, and references given by this 
author) and similarly for eastern Celebes and the 
adjacent island of Kabaena. Biotite may be plen- 
tiful, however, in regions showing post-Paleozoic 
thermal or plutonic metamorphism. Non-fibrous 
green hornblende seems to show an even more 
pronounced preferential distribution as a prod- 
uct of older metamorphism; in Corsica and 
eastern Celebes this mineral was also found to 
be of pre-Mesozoic age. 

The above instances may suffice to illustrate 
that many regionally metamorphosed rocks found 
in post-Paleozoic orogenic zones show striking 
mineralogical differences from the corresponding 
rocks in older orogenic belts. 

The significance of the preferential distribu- 
tion of the minerals mentioned above can best 
be discussed in terms of the facies principle. 
Glaucophane, crossite and lawsonite are all three 
critical minerals of the glaucophane schist facies, 
in which biotite and non-fibrous green horn- 
blende are not known as stable constituents 4. 

Hence we may conclude that metamorphism in 
the glaucophane schist facies shows a striking 


3 The biotite-like mineral stilpnomelane, which is 


often of post-Paleozoic age, should not be mistaken 
for biotite, 


preferential distribution in the post-Paleozoic oro- 
genic belts. Further, those subfacies of this facies 
which are characterized by the stability of law- 
sonite, the lawsonite-glaucophanite subfacies and 
the garnet-lawsonite-glaucophane schist subfacies, 
seem to be exclusively confined to these belts. In 
several parts of these post-Paleozoic belts the met- 
amorphism in the glaucophane schist facies is 
followed by a subordinate late phase of meta- 
morphism in the green schist facies. 

Now the question arises to which cause this 
preferential distribution of rocks of the glauco- 
phane schist facies in younger orogenic zones is 
to be ascribed. Almost complete erosion of such 
rocks in the older belts is apparently to be dis- 
missed, since in these belts rocks of the green 
schist and epidote-amphibolite facies — i.e. of 
facies that are considered as temperature equiv- 
alents of the glaucophane schist facies — are of 
wide-spread occurrence. Further, almost all glau- 
cophane, crossite and lawsonite that have escaped 
alteration during later phases of metamorphism, 
show a remarkably fresh appearance. Hence the 
scarcity or absence of these minerals in older 
belts is apparently neither due to their being pref- 
erentially altered in the course of the geological 
history. Evidently we are dealing here with some 
special characteristics of the orogenic periods in 
question. 

In this respect attention may be drawn to the 
comparatively high specific gravity of the critical 
minerals of the glaucophane schist facies (Es- 
kola, 1929) and to the range of temperatures dur- 
ing their formation, which appears to corre- 
spond essentially to that of the green schist and 
epidote-amphibolite facies. As already conclu- 
ded in a former paper (de Roever, 1955), the 
conditions giving rise to metamorphism in the 
glaucophane schist facies are apparently charac- 
terized by slightly higher pressures, or, in other 
words, by a slightly different geothermal gra- 
dient during the metamorphism. This gradient 
is considered to have been lower, i.e. less steep, 
during metamorphism in the glaucophane schist 
facies than during metamorphism in the other 
facies mentioned. 


* It may be remarked here that the existence of 
a separate glaucophane schist facies has not been 
generally accepted but, in the opinion of the author, 
has now been definitely established. Main arguments 
are (1) the intimate association of lawsonite and 
glaucophane in numerous metamorphic rocks of very 
different character, the occurrence of lawsonite being 
confined to regions with glaucophane-bearing rocks; 
and (2) the chemical equivalence of many of the 
natural assemblages with glaucophane and lawsonite 
and many assemblages containing albite, chlorite, 


tremolite-actinolite and clinozoisite-epidote (de Roever, 
1950, 1955). 


It is suggested, therefore, that post-Paleozoic 
regional metamorphism, when compared with 
pre-Mesozoic regional metamorphism, is charac- 
terized by the predominance of less steep geo- 
thermal gradients during the main phase of 
metamorphism. 

On other grounds some authors have assumed 
the existence of analogous differences in geother- 
mal gradient between different orogenic epochs. 
According to Daly (1917), Bucher (1933), and 
Turner (1948, p. 288) the temperature gradients 
were apparently steeper in early pre-Cambrian 
times than afterwards, so that conditions permit- 
ting regional metamorphism were reached much 
closer to the surface than was the case in later 
geological periods. Bucher goes even farther and 
assumes a regressive change toward the post- 
Paleozoic belts. 

Therefore there may have been a general, 
though possibly oscillating, decrease in the steep- 
ness of the geothermal gradients during the main 
phases of regional metamorphism from the early 
pre-Cambrian toward the youngest orogenic 
epochs. 

Seen in this light, the apparent absence of 
lawsonite and the scarcity of glaucophane and 
crossite among the products of pre-Mesozoic re- 
gional metamorphism gain in importance. There 
is apparently not only an evolution of life during 
the history of the earth, but also some change in 
the character of the metamorphic mineral assem- 
blages produced during the main phases of re- 
gional metamorphism of the various orogenic 
epochs®. It seems by no means impossible that 
lawsonite will indeed appear to be a guide min- 
eral for post-Paleozoic metamorphism, and that 
its occurrence in pebbles in non-metamorphic 
clastic sediments will appear to indicate that the 
sediments in question are of post-Paleozoic age. 
Although glaucophane and crossite are of much 
less value as indicators of the age of a period of 
metamorphism, even the occurrence of these min- 
erals in extensive regional distribution may 
similarly indicate a post-Paleozoic age. 


5 In this respect it may also be mentioned that 
eclogites, which are rocks of great density, seem to be 
absent or rare in pre-Cambrian complexes. The origin 
of at least part of these rocks may be roughly com- 
parable to that of the rocks of the glaucophane schist 
facies. 
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In the opinion of the author, a discussion of 
the origin of the phenomena described above is 
beyond the scope of the present paper. It is hoped, 
however, that the above lines will encourage 
further investigations in this interesting field of 
historical mineralogy and petrology. 
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DISCUSSION 


Prof. DE SITTER (Leiden) draws attention to an 
gradient depends much less on the general geothermal 
gradient than on the depth of the thermal front, 
which may be accompanied by intrusive rocks. He 
cites the conditions near the massif of St. Barthelemy, 
described by Zwart. Here the succession of the zones of 


thermal metamorphism is much more rapid where 
the distance to the contemporaneous earth surface was 
small, than where this distance was large. Though in 
the former case the gradient was much steeper than 
in the latter, there is no difference between the mineral 


zones developed. 
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Dr. DE ROEVER points out that the gradients dealt 
with in his lecture are not world-wide general geother- 
mal gradients but local geothermal gradients in oro- 
genic belts, prevailing during the main phase of 
regional metamorphism. Such a local geothermal 
gradient is to be defined as the average thermal 
gradient above a rock that is being metamorphosed. 
It is expressed in the ratio between temperature and 
depth-contro!'el pressure. A local geothermal gradient 
thus defined, may indeed be considered as depending 
not only on a world-wide general geothermal gradient 
but also on local circumstances, which latter, in fact, 
may be much more important. Prof. de Sitter’s 
question, however, touches the origin of the phenom- 
ena described, for which, at the moment, the speaker 
is not able to give an adequate explanation, As to the 
second part of Prof. de Sitter’s remark: if there is a 
thermal front that is distinctly connected with the 
presence of granitic rocks, as in both St. Barthelemy 
examples, the local geothermal gradients during meta- 
morphism are steeper than those connected with the 
formation of glaucophane-bearing rocks; in the large 
region of rocks of the glaucophane schist facies in 
central Celebes, for instance, synmetamorphic granitic 
rocks have not been found. Further, the rather steep 
gradients of the two St. Barthelemy examples, though 
greatly different, were apparently of such magnitudes 
that metamorphism still took place within the P,T- 
fields of the same mineral assemblages. With regard 
to the concept of a thermal front, Dr. de Roever 
judges it by no means impossible that during certain 
kinds of regional metamorphism there was not a 
raise but a depression of the isotherms, as contended 
by Daly. This may have occurred when the effects of 
downward displacement by folding and geosynclinal 
subsidence were greater than those of the conduction 
of heat through the rocks, which is extremely slow. 


Dr. Künnıg (B.P.M.) remarks that the crust of the 
earth passes through an evolution, which line is also 
followed by the orogens. It is difficult, however, to 
discriminate between factors controlled by the general 
line and such controlled by phases of orogenesis. 
Studies of Nantz in the United States and Canada on 
sediments, hypotheses of changes in the composition 
of the oceans, etc., lead in the same direction. 

Dr. DE ROEVER replies that, in order to avoid the 
effects of local influences and special phases of oro- 
genesis, he made a comparison in a very general sense, 
between all exposed parts known of all post-Paleozoic 
and older orogenic belts. Therefore, the striking 
preferential distribution of glaucophane, crossite and 
lawsonite in post-Paleozoic belts, to his opinion, is 
indeed controlled by the general line of evolution of 
the earth’s crust. Perhaps age-controlled differences 
shown by some other geological objects are also 
connected with the steepness of the geothermal gradient. 


Dr. SCHÜRMANN remarks that the length of time 
elapsed after the formation of the metamorphic rocks 
of the older orogenic belts, must be taken into account. 
Pre-Cambrian and Paleozoic schists have been meta- 
morphosed during so many different orogenic epochs 
that original glaucophane may have disappeared. 


Dr. DE ROEVER: It is not possible to accept the 
explanation mentioned by Dr. Schürmann, since there 
are many parts of older orogenic belts that have not 
been incorporated in younger belts; this is clearly 
illustrated by the different geographical position of 
orogenic belts of different ages. This fact is also of 
some importance in connection with the views of 
Daly, Bucher und Turner on the steepness of the 
geothermal gradients in early pre-Cambrian times, 


since one of the main arguments of these authors is 
concerned with the amount of erosion in early pre- 
Cambrian orogenic belts. In this respect the following 
may be cited from Bucher (op.cit., P- 296): "It is 
customary to speak of the structure of the Archean 
rocks as being the product 'of processes that have been 
operative ’at great depths’. But there seems little 
reason for this assertion. The Epi-Archean peneplain 
truncates these structures. Why should the structures 
revealed by Epi-Archean base-levelling differ from 
those exposed by, say, Epi-Carboniferous erosion to 
base-level? We are deceived by the subconscious thought 
of the great sediments that have accumulated on top 
of the Archeozoic rocks in some parts of the world. 

If we are to believe that the Archeozoic structures 
originated at greater depth than those revealed of 
later date, we must also assume that greater amounts 
of rock were removed by erosion during Epi-Archean 
peneplanation than at any time since. The writer 
knows of no observation which would support this 
assumption.” 


Dr. PANNEKOEK (Geol. Survey) would like to have 
some additional information on what Dr. de Roever 
means with a ”steep” and what with a ”low” geo- 
thermal gradient. Do we have to assume that the 
steep one is many times greater than the low one or 
is it only slightly greater? Further, Prof. de Sitter 
mentioned an example of great differences in geo- 
thermal gradient without much difference in meta- 
morphism. Other examples show that different minerals 
may be formed with only small differences in gradient. 

Dr. DE ROEVER: This can be illustrated in a P,T- 
diagram, when we draw a line separating the fields of 
stability of a group of higher pressure assemblages 
(e.g. those of the glaucophane schist and eclogite facies) 
from the fields of stability of a group of lower pressure 
assemblages (e.g. those of the so-called normal facies 
series). Within the group of lower pressure fields 
there may be large differences in P,T-ratio, or, in 
other words, the group of steeper gradients comprises 
gradients that may show large differences (e.g. the 
examples mentioned by Prof. de Sitter). On the other 
hand, the differences in P,T-ratio between meta- 
morphism on both sides of the separating line may 
be small, i.e, the differences in gradient between 
regional metamorphism in the glaucophane schist 
facies and regional metamorphism in the green schist 
and albite-epidote-amphibolite facies may be small. The 
latter differences may be comparable to those between 
20°Fand 25° Gr’per km: 


Prof. NIEUWENKAMP (Utrecht) would like to have 
some information about the importance of the history 
of a metamorphic rock before metamorphism but 
after the formation of its original material. Is it 
important, whether a rock is rapidly or slowly heated, 
etc.? Further, the mineral assemblage produced need 
not be an equilibrium assemblage. 


Dr. DE ROEVER remarks that, in his opinion, the 
previous history as meant by Prof. Nieuwenkamp does 
not influence the character of the mineral assemblages 
produced as long as there is no previous metamor- 
phism, e.g. by internal movements under conditions 
favourable for metamorphism. The actual mineral 
assemblage found often is a non-equilibrium assem- 
blage, as illustrated by the frequent occurrence of 
unstable relics and hysterogene minerals. 

Prof. BROUWER (Amsterdam) asks whether a certain 
amount of hydrostatic pressure is essential to the 
formation of glaucophane and lawsonite, and, if so, 


this hydrostatic pressure is only controlled by 
epth. 


— 


Dr. DE ROEVER replies that under the conditions 
prevailing in nature, i.e., at metamorphic temperatures, 


‚a certain amount of pressure is indeed considered to 


be essential to the formation of the minerals men- 
tioned. This need not hold true, however, for an 
eventual laboratory synthesis of glaucophane and 
lawsonite at room temperature. Regional metamor- 
phism in the glaucophane schist facies in considered 
to be a regional dislocation metamorphism under 
confining pressures that are slightly higher than those 
prevailing during regional metamorphism in the 
green schist and albite-epidote-amphibolite facies. Be- 
sides depth-controlled pressure there may be a certain 
amount of confining pressure originated by the com- 
bined effect of unilateral pressure and resistance to 
deformation. In this respect it may be mentioned that 
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in hardness tests with a Vickers indenter neatly two- 
thirds of the mean pressure of contact is in the form 
of a hydrostatic pressure and only one-third remains 
effective in producing plastic indentation (Tabor, 
Endeavour, Jan. 1954). 


Mr. TOoBI (Leiden) asks whether there are any 
theoretical objections against local genesis of law- 


sonite and glaucophane by pre-Mesozoic regional 
metamorphism. 


Dr. DE ROEVER: No, there may be local variations 
in the magnitude of the geothermal gradient during 
the main phase of regional metamorphism. Since 
lawsonite, unlike glaucophane, has not been found in 
pre-Mesozoic orogenic belts, this mineral may require 
slightly higher pressures for its formation. 
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ENERGY IN OROGENESIS AND METAMORPHISM 
W. NIEUWENKAMP! 


INTRODUCTORY STATEMENT 


The obect of this note is to put some element- 
ary physical statements in terms which appeal to 
geologists and which make it therefore easier to 
group their bearing on problems like those of 
mounting building and rock formation. 


HEAT CONDUCTED TO EARTH’S SURFACE 


The statement that the geothermal gradient com- 
bined with measured conductivities of the rocks 
concerned, learns that heat is flowing out of the 
earth at the rate of 13 X 10°6 cal cm”? sec, 
conveys nothing to the general geologist. Put 
as 40 cal annually and compared with the heat 
of melting of ice, 80 cal per gram, we see that 
its amount is such as could melt an ice sheet of 
0.5 cm thickness in one year (one inch in 5 
years). This brings vividly to mind how little the 
earth’s internal heat can influence climatic con- 
ditions; 0.5 cm of ice can easily be melted away 
in one sunny afternoon, or be formed in one 
frosty night. The amounts of heat involved in 
the sun’s radiation, and in radiation back again 
into space, are therefore hundreds of times grea- 
ter, than what in brought to the earth’s surface by 
conduction. 


HEAT IN VOLCANISM 


This same trick, consideration of the effects 
oi heat on extensive sheets, allows for comparison 
with the heat transfer in volcanism. 


Basalt, and most other common rocks too, re- 
quire about 1300 cal/cm3 for heating up from 
0° Celsius up to melting. If we suppose that 
volcanism represents a transfer of heat equal 
to the amount transported by conduction, that 
is to say that 40.106 cal/cm? have been trans- 
ferred in a million years, the volume of volcanic 
rocks involved would be 40.106/1300 = 30.000 
cm? which would form a sheet of 300 m (1000 
feet) thickness, covering the whole earth. No 
geologist will doubt that actually only a fraction 
of this mass has been formed in the last million 
years of the earth’s history, from which it follows 
that heat transfer through volcanoes averaged 
over the whole of the earth’s surface, is small as 


1 Mineralogisch-Geologisch Instituut der Rijksuni- 
versiteit, Utrecht. 


compared with transfer by conduction. Therefore 
in putting up a theory of volcanic activity, it is 
not necessary to look for special soucres of heat. 
The purpose can be met by a device by which 
part of the heat of a sufficiently extensive area 
is concentrated in the volcanic vents. 

For instance a thin sheet of a basaltic layer, or 
a small percentage of the upper part of a dunitic 
substratum could be molten within a reasonable 
time by earth’s common internal heat. If chen 
drainage takes place through a fissure the con- 
vergent flow of molten material brings about a 
concentration of the latent heat of melting beneath 
the resulting volcanoes. Of course this one possi- 
bility does not rule out others in which genera- 
tion of heat by tectonical or any other processes 
plays a part. We merely stressed the point that 
compared with volcanism the general heat flow 
is of such a magnitude that it is impossible to 
decide whether volcanoes feed on an impercep- 
table part of it, or dispose of independant means. 


TEMPERATURE IN GEOSYNCLINES 


Piles of sediments deposited on a continental 
border (geosyncline) raise the question how much 
time these masses — originally at surface tem- 
perature — take to come into smooth fit with 
the general geothermic patern. The calculation 
brings in mathematical devices like Fourier se- 
ries. But the initial condition and several other 
factors being ill defined, we are prompted to use 
a very rough approach. We start with the re- 
mark that it is unlikely that the heat flow into the 
pile in the long run will surpass the 40 cal/cm? 
a year of general conduction. We then can set 
up an upper limit for the rise in temperature of 
a certain mass in a certain time. 


For a layer of 25 km thickness this upper limit 
will be a rise of at most 30° in one million years 
(for 10 km thickness 75° etc). Indeed the heat 
capacity of rocks can generally be taken as 0.5 
cal/cm®. Then per cm? a pile of 25 km thickness 
will need 0.5.25.105° — 1.25.106 cal for 1° and 
hence the 40.106 cal which flow in in a million 
years will raise the temperature by 40/1.25 — 
30°. 

The heat of melting, 1300 cal/cm3, corres- 
ponds to a rise in temperature of 2600° and 
therefore, in order to melt such a mass some- 
thing like 100 million years are asked for. 


RADIOACTIVE GENERATION OF HEAT 


The generation of heat by radioactivity can 


‚ aptly be expressed in a similar way. The data 


given in the Handbook of Physical Constants 2, 
are such that with no loss of heat the temperature 
will rise within a million years in 


granite 50 
basalt 9° 
iron meteorites 052 


We thus see that with this radioactivity a gra- 
nitic layer of 25 km will furnish heat at such 
a rate as to account completely for the heat flow 
at the surface. That is to say the content of U 
and Th of the deeper layers has to be absolutely 
nought then. Such an abrupt change in radio- 
active content seems most unlikely, a gradual 
decrease with depth is what we expect. It has 


to be extremely steep though. Even with a radia- 


activity equal to that of the most inactive ma- 
terial known, viz. iron meteorites, which is 60 
times less than that of granite, a layer of 60.25 
— 1500 km, would account for the total heat 
flow. This is only half way down to the core, 
from there down to the centre again absolutely 
no radioactive material could be present. 

The mean radioactivity of the earth must be 
less than half of that assigned to iron meteorites, 
most of it is concentrated in a thin upper layer. 
This situation can be ranked as an observational 
fact, be it ever so hard to explain. 


WORK DONE IN MOUNTAIN BUILDING 


Let us assume that in a mountain belt an uplift 
of 10 km has taken place. As in the main isostasy 
will have been complied with, this rise is the re- 
sult of a decrease of density and thus an increase 
of volume. The floor of the masses involved can 
be taken as staying at its original level. Then in 
the mean — or of the centre of gravity — a rise 
of 5 km has to be taken account of. For 1 cm? 
of rock the work done amounts to 5.10? 2.0. 
erg, which is equivalent to 35 cal, corresponding 
to a rise in temperature of 70 °. Taking 100 mil- 
lion years for the time of the process, generation 
and inflow of heat can be easily 10 or more times 
this amount. When there is no inflow at all, a ra- 
dioactivity equeal to that of basalt would re- 
present a rise of 900°. Indeed in a filled geo- 
syncline a rather high content will be present, 
for the material has been scraped together from 
the earth’s surface where radioactivity is high. 
This leads to the same conclusion, viz. that in 
tectonics there is no imperative need to look for 
special sources of energy outside the general heat 
household of the earth, which, as we have seen 


2 Geol. Soc. Am., Special paper 36, 1942. 
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earlier, also amply provides for volcanism. 

The work done in the crumpling of strata 
(folding) has not been considered here. If no 
changes of phase have taken place the thermody- 
namic state is the same as for undisturbed layers. 
Still, forces must have been active and some 
work will have been converted into heat. If the 
material behaved plastically (as a Newtonian 
fluid) and movements have been slow, the forces 
have been small and little work has been done. 

That downsliding movements with some suc- 
cess can be held responsible for such deformation, 
indicates that the work done is of the same order 
of magnitude as in the case of the vertical rise 
considered above. The work which during oro- 
genesis (or deformations generally) is converted 
into heat may locally cause very high tempera- 
tures and melting of rocks if the strength of the 
material (the flint and steel effect) comes into 
play. If a slab of rocks 1000 m thick slides down 
100 m the amount of work done by gravity is 
10%0. 2. erg = 70.0009 cl’ for" each cm? "of 
the surface of the slab. If the bulk of this mass 
undergoes no deformation, and the heat deve- 
loped by friction is confined within the lower- 
most two meters, this would mean 350 cal/cm?®, 
whereby the temperature is raised by 700°. With 
known heat of melting, say 1300 cal/cm?, we 
can calculate the thickness of the layer — 70.000/ 
1300 —= 54 cm — which in this instance might 
be molten as a result of the work done by gra- 
vity. The same argument holds for the old con- 
traction hypothesis of mountain building. For 
every 1000 m of contraction the earth’s crust, if 
unsupported, would undergo a rise in temperature 
of 10°. But is is hardly conceivable that the 
crust holds even one hundredth part of its 
weight: this is indicated by the smalness of gra- 
vity anomalies. Therefore the mean rise in tem- 
perature would be at most 0.1° per 1000 m con- 
traction. Even if the strength of the crust allo- 
wed this heat to be concentrated in a mountain 
belt, representing in surface one thousandth part 
of the globe, the rise of temperature would be 
100°, which is hardly of any consequence at all. 


METAMORPHISM 


Changes of phase, chemical reactions, occur 
during metamorphism, and then the heat invol- 
ved can be considerable. If material from the sur- 
face descends down into lower levels, where 
temperature is higher, reactions will set in which 
tend to restore equilibrium at this higher tem- 
perature; these reactions will take place under 
absorption of heat (endothermal reactions). If 
a dry silicate is transformed into another only a 
slight amount of heat will be needed, somewhat 
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more may be consumed in the expulsion of water, 
present as OH in the structure of phyllosilicates. 
The reactions forming silicates from carbonates 
take up considerable amounts of heat. In the well 
known example 
dolomite + quartz — diopside + COs 

235 cal/gram are absorbed. This amount of heat 
would raise the temperature of the rock (if no 
reaction took place) by 1200°; it is thus of the 
order of magnitude of the heat which flows in or 
is produced by radioactivity in 50 million years. 
The presence of great masses of marls going to be 
converted into silicates would thus be able to ap- 
preciably lengthen the time needed for the regular 
heating up of the strata. In most cases, however, 
the delay will be insignificant because lime sili- 
cate hornfelses are seen to occupy as a rule only 
a moderate fraction of metamorphic formations. 
When metamorphic rocks rise to the surface, this 
upward movement represents a convection of heat 
of formation. If 1 cım of limesilicafels be eroded 
the heat absorbed during the formation of 1 cm? 
of the rock, 600 cal, can be said to have been 
brought to the surface. If this erosion takes place 
within 15 years this represents a flow of heat 
of 40 cal/cm? a year, making the total transport 
of heat double that of the regular measured flow 
alone. This heat transport by convection is in a 
certain way invisible, it is not found by measure- 
ments of the gradient and rock conductivity. 

The latent heat of formation is set free if 
the silicates by weathering are again transformed 
into carbonates. Just as is the case with the heat 
brought up by conduction, this heat is lost sight 
of in the stormy household of heat in the at- 
mosphere. 


The slowness of erosion, and the scarcity of 
outcrops of limesilicahornfelses makes this whole 
transport by convection of little moment. In re- 
trogressive metamorphism the heat of formation 
is liberated at depth entering the visible heat 
flow. The heat taken up in metamorphism at a 
low level is liberated again at the higher level 
of diaphthoresis. In this way part of the regular 
earth’s heat is transferred by convection instead 
of conduction; it does not influence the total heat 
transport. Thus, the total amount of heat genera- 
ted by radioactivity as deduced from the measu- 
red heat flow remains unaffected. 

If we have to consider juvenile matter ascen- 
ding into the lithosphere with convection of 
heat — be it heat in virtue of high temperature 
or latent heat of formation — still no change in 
deduced radioactive centent of the earth is at 
issue, if this heat content is a consequence of 
radioactivity. If, however, juvenile matter — 
magma or the wandering ions dear to transfor- 
mists — which from the creation of the earth 
would be laden with energy, rises, and enters 
chemical reactions, which will be exothermic, a 
new source of heat comes into play. Then the 
total amount of radioactivity must be less in or- 
der to stay within the bounds fixed by the measu- 
red heat flow, and the decrease of radioactivity 
with depth, which we have seen to be already sur- 
prisingly steep, must be steeper still. 

Of course it can be argued that, the steepness 
of decrease being anyhow unexplained, we can- 
not predict whether the right explanation, if 
found, will favour the smaller or the bigger sur- 
prise. 
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SUMMARY 


Lateral compression hypotheses on crustal evolution 
imply a tectonic control of igneous activity. Plutonic 
hypotheses on crustal evolution suggest the reverse, 
viz. a geochemical control of tectonic activity. 


In this paper a plea for the second line of thought 
is given, based on the conception that disperse dif- 
fusions of elements at various speeds and intensities 
do occur in the crust and mantle of the earth. Such 
diffusions tend to establish thermodynamic equili- 
brium. They change the chemical and mineralogical 
composition of the rocks and influence also their 
physical properties, such as density, rigidity, visco- 
sity. 

In the second chapter the tectonic or dynamic ef- 
fects of geochemical processes in various levels are 
discussed. Changes of mean density cause gravitative 
(hydrostatic) unbalance: thus potential energy is sto- 
red which is intermittantly released by massdisplace- 
ments. The latter cause at the surface differential 
vertical movements of various extent (meso-undations 
accompanying alpine-type mountain building, and 
geo-undations of crustal segments with continental 
dimensions). 

The seismically and gravimetrically contrasted 
structure of continents and oceans need not be a 


1 After the author’s lecture at the colloquium on 
„the relations between metamorphism and orogene- 
sin”, organized by the Royal Netherlands Geological 
and Mining Society in May 1955, some newer litera- 
ture has appeared (Crust of the Earth, a symposium 
edited by A. Poldervaart, besides papers by Officer, 
Runcorn, and Saull). Notes have been added to the 
text, where discussion of this literature was desirable. 


2 Geol.-Miner. Institute of the State University 
of Utrecht. 


permanent feature. Growth of the continental crust 
in thickness and extent, as well as’ subsidence of 
continental segments down to oceanic depths may re- 
sult from geochemical processes in mantle and crust. 

Moreover, geochemical processes will not only dis- 
turb the hydrostatic equilibrium, causing geotectonic 
deformations of the crust; they will also produce an 
instability of the earth’s axis of rotation, which 
might cause polar wandering. 


In the third chapter the question is discussed 
whether there is a geochemical or a tectonic control 
ot the gravity field. By aid of an example (Cyprus), 
it is shown that geochemical processes may create a 
situation which is perfectly conform to the observed 
gravity field, so that the conception of a geochemical 
control of tectonic activity is also sound from the 
gravimetric point of view. 


ı. INTRODUCTION 


Informations about the processes in depth are 
transmitted to the surface by mountain building, 
especially if we take into account its relations to 
metamorphic and igneous processes, the gravity 
aromalies, seismic activity, heat flow, and other 
accompanying phenomena. 

The topic of the first Inter-University Geolo- 
gical Congress in Great Britain, held at Leeds in 
1953, was: „Ihe tectonic control of igneous acti- 
vity” (Kennedy ei al., 1954). In the wording of 
this topic and in the discussions it was assumed, 
more or less as a premiss, that igneous activity is 
controlled by tectonic processes ®. 

However, this causal relation is a point which 
has to be proved first. It might be putting the 
cart before the horse. 

The net result of all geological processes will 
bc a more stable over-all situation with a de- 
crease of free energy and a corresponding in- 
crease of entropy („entropy production”). In the 
frame of geological evolution such endogenic 
processes as orogeny, metamorphism and mag- 
matism are apparently all closely related. But the 
question arises, whether in thermodynamic sense 
it is tectonics that causes metamorphism and 
magmatism, or whether these two are the cause 


3 W.0Q. Kennedy (1954 p. 2); „Ihe influence of 
structure on igneous activity may be exerted either 
in the generation of magma or in the provision of 
means, whereby liquid magma can be irrupted to 
higher levels in the crust or to the surface”, and 
„the tectonic control of igneous activity does not 
merely operate in the general manner outlined above, 
but applies also to the influence of tectonic environ- 
ment on the evolution of igneous rock series”. 
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of tectonics. The first possibility is supposed by 
the „lateral compression hypotheses”, and the se- 
cond by the „plutonic hypotheses” #. 

In the writer’s opinion the relations between 


the endogenic processes, mentioned above, are 
more fraternal than parental. All owe presuma- 
bly their origin to readjustments of the distribu- 
tion of matter with its associated energy (nu- 
clear, chemical, thermal, and gravitational energy). 


There are sound reasons for assuming that slow 
but persistent geochemical long-range diffusions 
of atoms and ions do occur in the silicate mantle, 
due to gradients of concentration, pressure, tem- 
perature, and other differences in physico-chemi- 
cal enviroment (Barth, Brajnikov, Chao, Perrin 
and Roubault, Ramberg, and other petrologists). 
These diffusions tend to rearrange the matter of 
the earth in concentric shells of different com- 
position but of internal physico-chemical equili- 
brium. 


The speed and intensity of these diffusions 
will differ from place to place, and in one place 
their magnitude will change in the course of 
time. Because such disperse migrations of matter 
affect the composition and state of the rocks 
concerned, as well as their temperatures, impor- 
tant changes of density will occur. Consequently, 
such geochemical processes will disturb the gra- 
vitational equilibrium; masses of various extent 
will become too heavy or too light for the place 
they occupy. Thus potential energy accumulates 
which is ultimately or intermittantly released by 
displacements of masses in bulk, according to hy- 
dtodynamic principles. At the surface this dyna- 
mic process will be reflected by differential verti- 
cal movements („primary tectogenesis”). This 
idea of a geochemical cause of the primary tec- 
tonic activity has been called the physico-chemi- 
cal concept of crustal evolution (van Bemmelen, 


1954a, p. 18). 


The primary tectonic movements mentioned 
above disturb in their turn the gravitative equi- 
librium near to and at the surface (relief energy), 
so that a lateral spreading occurs, either by gra- 
vity flow („secondary tectogenesis”) or by ero- 
sion and sedimentation. These secondary pheno- 
mena at shallower levels are accompanied by me- 
tamorphic and igneous processes. 


In this phase of the sequence of events we 
can speak of a (primary) tectonic control of 
igneous phenomena, as was envisaged by Ken- 


nedy ei al. (1954). 


@ For the meaning of these terms the reader is 


referred to R. C. Moore’s introduction to Mountain 
Bxilding by the author (1954). 


Time and space do not permit to treat fully 
this problem of causal relations in crustal evolu- 
tion. We will make only some remarks in this 
context. 


2. GEOCHEMICAL CONTROL OF THE 
EARTH’S DYNAMICS 


a. General 


If long-range and long-term migrations of 
atoms and ions do occur, then, of course, this 
process will considerably influence not only the 
chemical composition, but also the physical pro- 
perties of the rocks concerned. The density, vo- 
lume, viscosity, rigidity, and temperature will 
change in the course of time. The changes of 
physical properties in a given place depend on 
the variations of the kind of matter that is sub- 
jected to diffusion, the speed and intensity of 
the diffusion, the ensuing endothermic and exo- 
thermic reactions, and the kinetic energy balance 
of process. 

In a preceding paper in this journal (1954b) 
the author stressed the opinion that the physical 
properties of rocks cannot be considered as fac- 
tors of constant magnitude in mathematic cal- 
culations of geotectonic processes which are of 
long duration. There is neither a given viscosity 
of the silicate mantle, nor a given strength of the 
crust. Both values may change between wide li- 
mits from place to place and in the course of 
time. This invalidatates the conclusions from 
mathematical discussions which — as a premiss 
— consider them to be constant. It is difficult 
and in most cases almost impossible to assess the 
numerical value of such changes, but something 
can be said about the trends which are to be ex- 
pected. 


In the folowing paragraphs we will make some 
remarks on possible relations between geochemi- 
cal processes and dynamic reactions in the various 
shells of the earth, beginning with the sedimen- 
tary layer and the sialic crust and ending with 
the core. 


b. The sedimentary epiderm and the basement 
complex 


For the sediments and the outer part of the 
crust the following picture might be given. When 
primary tectogenesis causes subsidence of a crust- 
al tract so that sediments can accumulate, these 
sediments will be subjected to changes of density 
in the course of time (figure 1). First they en- 
dure compaction and diagenesis or lithogenesis. 
These processes are succeeded by isochemical 
metamorphism of regional character, accompa- 
nied by short-range redistribution of chemical 
constituents. A further increase of density might 


result from a basification during metasomatic me- 
tamorphism by means of long-range migrations 
which introduce or concentrate heavier atoms like 
Ca, Mg, and Fe, whilst they remove lighter con- 
stituents, like alkalis, H,O and CO, („basic 
tront” concept). Such a process of basification 
might ultimately lead to fluxing and the forma- 
tion of palingenic basic melts. The source of 
heat for the formation of secondary magmas is 
not yet known. Adiabatic temperature rises by 
exothemic reactions might be adequate5, but 
radioactive heat might also be an important fac- 
tor. 


Melting is accompanied by a decrease of den- 
sity due to increase of volume. 
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solidation — the mean density of the crustal rocks 
approaches that of granite. 


Thus we see that during an orogenic cycle 
(beginning with geosynclinal subsidence and en- 
ding with kratonic consolidation) the densities 
of the sedimentary and crystalline rocks can 
change between wide limits, until physico-chemi- 
cal equilibrium is reached 6. 


6 V. A. Saull in a recent paper („Chemical ener- 


gy and metamorphism”; Geochimica et Cosmochimica 
Acta, 1955, Vol. 8, pp86-106) advances a theory in 
which metamorphic chemical changes of sediments 
are considered as an important factor in the orogenic 
cycle. No major influx of energy from „below” is 
assumed, although such influx is not precluded. The 
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Fig. 1 — Changes of the density of sediments in the course of time, due to metamorphic and geochemical 
Drocesses. 


Later on, the density of basic igneous rocks 
and metamorphic high-density sediments („me- 
tabasites”) can be reduced by granitization, which 
chases the heavy atoms (cafemic constituents) 
still farther outward (even into the hydrosphere 
by means of mineral springs), replacing them 
by the lighter constituents of granites (alkalies, 
alumina, silica). 

The variations of the density takes another 
course when the metasomatic metamorphism di- 
rectly results into acidification and the formation 
of more acid migmatites. This trend may lead 
to the formation of palingenic acid magmas of 
low density. Here also the necessary heat might 
be furnished by exothermic chemical reactions 
and (or) the nuclear energy of radioactive ele- 
ments which are present in the sediments in re- 
latively high geochemical concentrations. 


But, ultimately, cooling will force the migma- 
tite front down to deeper levels, and — on con- 


5 See note 6 on Saull’s paper (1955). 


ultimate driving force of the cycle is though to be 
the solar energy, transmitted to the surface rocks 
mechanically and chemically, and carried to depth in 
the thermodynamically unstable rock product. In 
Saull’s opinion the energy economy of the earth as 
a whole and the orogenic cycle, are much more intel- 
ligible if exothermic „regional metamorphism” is as- 
sumed. Data on heats of reaction indicate that me- 
tamorphic chemical changes may in certain cases 
develop temperature rises of several hundred degrees 
centigrade. From this evidence, and from. geological 
reasoning, it appears that metamorphism may be 
fundamentally a spontaneous exothermic chemical 
process, the initiation and general charater of which 
depend upon kinetic factors. Most geologists consider 
it as axiomatic that anamorphism is an endothermie 
process. This assumption seems to originate in a fai- 
lure to distinguish between the roles of heat which 
may be required to make a physico-chemical changes 
thermo-dynamically possible, and heat which acce- 
lerates sluggish but already possible spontaneous 
changes. 

Saull takes into account chiefly the isochemical 
anamorphism, which results into changes of the mi- 
neralogical composition; whereas the present author 
is inclined to adhere a greater importance to löng- 
range diffusions and migrations of elements, which 
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Figure 2a shows schematically how the volume, 
and 2b how the consistency 7 and the density 
of a rock may change with the depth of burial 
and in the course of time. Figure 2c shows the 
changes of consistency and of density for rocks 
of the crystalline basement complex at a given 
depth, when the migmatite front goes up and 
down. Of course such oscillations will not go on 
for ever, but they will be of importance during 
orogenic cycles. 
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Changes of volume and density cause hydro- 
static unbalance and gravitational energy is sto- 
red. This potential energy can be relased inter- 
mittently and more or less spasmodically by tec- 
tonic deformation and transportation of matter. 


c. Deeper levels of the crust, above the Moho- 
discontinuity 


The genetic relations between geochemical and 
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result into changes of the mineralogical and chemical 
composition. The latter conception involves greater 
changes of specific density of more extensive parts 
of the crust, thus causing greater disturbances of 
hydrostatic equilibrium and more important hydro- 
dynamic or tectonic circuits of matter which tend to 
restore this equilibrium. 


At any rate, Saull’s paper is an important contri- 
bution in support of the conception of geochemical 
control of tectonic activity, discussed in this paper. 
Moreover, it has a fundamental meaning for the 
subject of discussion of this colloquium, i.e. the rela- 
tions between metamorphism and orogenesis. 


tosphere sedimentary cover and basement com- 
plex, as suggested above, can be studied more or 
less directly by geological and petrological ob- 
servations of the structures and composition of 
the rocks exposed by erosion. For the deeper 
levels of the crust above the Moho-discontinuity 
similar relations between geochemical processes 
and their tectonic consequences can be supposed, 


? Consistency is a qualitative term indicating re- 


sistance to deformation (see van Bemmelen, 19545, p. 
327). 


but these inferences are much more hypothetic. 


The deeper parts of the crust are generally 
supposed to be more basic than the upper parts. 
Formely, a distinction between a granitic crust 
and an intermediary layer of more gabbroic (ba- 
saltic) composition has been made. This dis- 
tinction was also based on seismic observations. 
But recent seismic researches do not substan- 
tate any particular velocity-depth distribution or 
ayering. A great deal of4the observed seismogram 
complexity is related to conversion of compres- 
sional waves at the surface to surface waves. This 
accounts for the so-called „phases” observed, and 
on this basis of explanation for these „phases” 
there is no evidence for crustal layering. The 
crust or tectosphere above the Moho-discontinuity 
is an inhomogeneous entity whose wave velocity 
seems to increase only sligthly with depth. 8 

According to Gutenberg (1955) the mean 
density of the column above the Moho-disconti- 
nuity seems to be about 0.1 greater than the 
value of 2.76 gr/cm® which is being used in 
isostatic calculations 9. 


This mean value of the density of the rock 
column above the Moho-discontinuity does not 
differ significantly from the supposition that the 
upper (granitic) part has a mean density of 2.7 
and the lower (gabbroic) part a mean value of 
about 3. 

Seismic and gravity studies seem to indicate 
that there is a difference in the composition be- 
tween the upper and lower parts of the crust, but 
this difference is not such a distinct layering as 
was formerly accepted by most authors, the pre- 
sent author included. The „granitic crust” of the 
geophysicists corresponds with the crystalline 
basement complex of the geologists. Downward 
there seems to be a more or less gradual and re- 
gionally variable increase in the proportion of 
basic silicates, either in crystalline state or as 
viscous melts of basic composition 10. 


The Moho-discontinuity at its base probably 
represents an abrupt change of composition and 
not a change of phase. It is reasonable to assume 
that the layer underneath the Moho-discontinuity 
is of ultrabasic (peridotitic) composition and in 
a crystalline state. 

This revised conception of the composition, 


8 Report of the special committee on the geophy- 
sical and geological study of continents, 1952-1954 
(G. P. Woollard, chairman). Transactions American 
Geoph. Union, Vol. 36, nr. 4 1955 PP- 695-701. 
See also the paper by Tatel and Tuve, Crust of the 


Eurth, 1.c., 1955, PP- 35-50. 


9 Worzel and Shurbet (Crust of the Earth, 1955; 
l.c. p. 92) find a mean density of 2.84. 
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state, and structure of the crust above the „Moho” 
is not incompatible with the conception that the 
deeper levels of the crust, if thrown out of their 
physico-chemical balance by changes in the con- 
ditions of pressure and temperature, are capable 
of differentiation 11. The chemical differentiation 
of the deeper parto of the crust, or „hypo-diffe- 
rentiation”, as it has been termed by the author, 
would produce more acid differentiates on top 
and ultrabasic residual fractions or segregations 
in their lower part. Such a splitting up in regio- 
nally restricted lower parts of the crust (the for- 
mer „intermediary layer”) would disturb the 
gravitative equilibrium. 


This increase of potential energy will ultima- 
tely produce mass-displacements in bulk, which 
vend to restore the gravitative equilibrium. The 
mass displacements cause differential vertical 
movements at the surface, which form mountain 
ranges and sidedeeps. 


Such movements are called „meso-undations” 
by the author, and they are characteristic for 
alpine-type mountain building. Thus, according 
to the geochemical concept of crustal evolution, 
the deeper parts of the crust, if subjected to such 
a hypo-differentiation, would have the character 
of a „cambium”, being the parental formative 
matter between the granites of the sialic crust 
(or basement complex) and the ultrabasic layer 
of peridotitic rocks beneath the Moho-disconti- 
nuity. 


d. The peridotitic layer beneath the Moho- 
discontinuity 


The orogenic energy intermittantly released by 
more basic (gabbroic or basaltic) deeper parts of 
the crust above the „Moho” might be but an 
intermediary station for the flow of energy from 
the inner parts of the earth to the surface. Long- 
range diffusions might episodically result into a 
transfusion of the ultrabasic, peridotitic shell be- 
neath the „Moho”, regenerating it to a „migma” 
of a basaltic composition. This process has been 
called ‚hypo-migmatisation” (van Bemmelen, 
1950, p. 19), distinguishing it from the „epi- 
migmatisation”, which means the episodic rege- 
neration of the outer, sialic part of the crust 
(basement complex) into palingenetic granitic 
melts. 

At the surface the process of hypo-migmatisa- 
tion might cause uplifts of continental extension, 
geo-tumors or „geo-undations”, accompanied by 


10 Tatel and Tuve (l.c.) found no evidence of 
systematic intermediary crustal layering. 

11 Such changes of the T and P conditions occur, 
for instance during geosynclinal subsidence. 
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profuse outpourings of basalts (flood basalts). 
Thereafter, cooling and consolidation would 
cause an increase of density and the foundering 
of extensive crustal tracts, loaded by thousands 
of metres of plateaubasalts (see chapter 2e). The 
intervals between such events are hundreds of 
million years, that is at least ten times longer than 
the pulsations accompanying the orogenic phases 
of alpine-type mountain building. 


Another effect of such a geochemical mixing 
in depth or „hypo-migmatisation” would be the 
disappearance of the original Moho-discontinuity. 


The geochemical cause of such a partial mel- 
ting and regeneration of the ultramafic shell 
might be rising heat and vapours from a „de- 
gassing” interior of the earth. This has been 
suggested by Green and Poldervaart (1955) as a 
possible explanation of the origin and composi- 
tion of basalt provinces. This hypothesis (that 
the peridotitic shell benearth the Moho-discon- 
tinuity is the source of the voluminous basalt 
extrusions which occur at long intervals at the 
surface) seems to have petrologically a sounder 
basis than the one formulated by Hess, who sup- 
poses that the peridotites and serpentines in ge- 
osynclinal belts are derived directly from this 
deep level of the tectosphere 12. 


e. The problem of permanency of continents and 
oceans 


The episodic formation and eruption of huge 
quantities of basaltic magma in definite provin- 
ces is related with the problem of the permanen- 
cy of continents and oceans. The foundering of 
extensive parts of the crust down to oceanic 
depths is preceded by bulging up and the vo- 
luminous extrusion of plateau basalts (or „flood 
basalts”, as they have been termed by Tyrrell). 
For instance, the subsidence of Atlantis in the 
southern part of the Atlantic Ocean was pre- 
ceded by the Karroo and Parana-basalts, that of 
Lemuris in the northwestern part of the Indian 
Ocean by the Deccan Traps, and that of Eris in 
the northern part of the Atlantic Ocean by the 
Thulean basalts. 


Geophysicists always strongly opposed the idea 
that continental areas might break down to ocea- 
nic depths. Seismic and gravimetric data seem to 
be strongly against such a possibility. At present, 
the crust beneath the oceans has another composi- 
ton and structure then the crust beneath the conti- 
nents. On the other hand, structures of the con- 
tinents continue out to sea and the continental 
rocks might likewise continue. Why should they 


12 : : ee 
Hess: Serpentines, Orogeny, and Epeirogeny; 


in Crust of the Earth, 1955, l.c. pp. 391-407. 


stop short at the edge of the elevated block? 

The hypothesis of continental drift seemed to 
provide a way out of this controversy. But ob- 
jections against this supposition increase in num- 
ber and weight 13, so that nowadays few geolo- 
gists are willing to support this idea. 


Another way out of this controversy is provi- 
ded by the concept of geochemical evolution of 
the mantle and crust (van Bemmelen, 1950, p. 19 
and fig. 6). This concepe holds that the geophy- 
sicists are right in their opinion that the compo- 
sition of the crust is different for the continental 
and oceanic areas during the time that they exist 
as such; but the geologists are right in their 
conclusion that many ocean basins represent 
foundered continental segments, and that there 
are tracts of land which once belonged to the 
realm of the oceanic basins. The foundering of 
old landmasses occurred after periods of basi- 
fication of the crust due to prolonged and pro- 
fusive intrusions and extrusions of basaltic mag- 
ma. This plutonism and volcanism will raise the 
mean specific density of the crust so much that 
such a continental segment is nolonger in iso- 
static balance at the relatively high position it 
occupies. It will be pulled down, thus forming 
a new oceanic basin. 


During such a collapse of a continental seg- 
ment the deeper seated crustal matter (diluted 
and basified by intrusions of basic and ultrabasic 
igneous rocks) will be forced sidewards, toward 
the adjacent parts of the mantle. Consequently, 
there the overlying continental blocks are pus- 
hed up, thus restoring the general isostatic equi- 
librium between the newly formed oceanic basin 
and the surrounding continental blocks. For in- 
stance, Holtedahl (1953) described the peripheral 
uplift around the North Atlantic Ocean, which 
is presumably a volumetric compensation of the 
subsidence of the central basins. In the border 
zone between land and sea Holtedahl (1950) 
demonstrated the existence of submarine longi- 
tudinal trenches in the inner part of the shelf 
zone of various northern lands. These pheno- 
mena represent probably old fracture zones 
along which the landward side has been uplifted. 
(See Holtedahl’s map, reproduced as fig. 38 on 
p: 164 in „Table Mountains of Northern Iceland” 
by van Bemmelen and Rutten). 


During its active stage, such a subsidence of 


13 Recently Runcorn published paleomagnetic ob- 


servations which appear to dispose of the possibility 
that since pre-Cambrian times the continents of Ame- 
rica have drifted any appreciable distance from the 
continents of Europe and Africa. (S.K. Runcorn: 
Palaeomagnetism of sediments from the Colorado 
Plateau. Nature, 1955, Vol. 176, no. 4480, pp 505/6.) 


a continental block down to oceanic depths would 
be accompanied by earthquakes at intermediate 
and great depths under the margins of the adja- 
cent continents. This explanation for the origin 
of intermediate and deep earthquakes has been 
suggested by the author some years ago ‚1950 
and 1954a, pp. 125/6; see also „the Geology of 
Indonesia, 1949, Vol. A, pp. 263-265). 


Thus a mega-circuit of matter, reaching down 
to deeper levels of the mantle, at least to depths 
of 700 km, would accompany differential move- 
ments at the surface of segments which measure 
more than thousand kilometers across. 


The occurrence of such „geo-undations” raise 
isostatic problems, but these problems are as 
great for the depression of continental segments 
down to oceanic depths as for the rise of con- 
tinental parts up to plateau’s, like that of the 
Colorado Plateau and the Tibet Plateau. The 
motive energy for the accompanying mega-cir- 
cuit of matter, which tends to restore the iso- 
static equilibrium, is throught to be derived from 
geochemical processes, which change the density 
of extensive parts of the crust and the (upper 
part of the) mantle 1#. 


The subsidence of continental segments or 
„borderlands” to oceanic depths will be accompa- 
nied by marginal flexures, as the one observed 
at the eastern coast of Greenland, or by trenches 
and „half graben” due to tensional rifting, such 
as the submarine longitudinal trenches in the 
inner part of the shelf zone around the North 
Atlantic Basin (Holtedahl, 1950) 15. In such mar- 
ginal rift belts great thicknesses of sediments 
can accumulate (sedimentary piles up to 10 km 
and more in thickness). 


Along the margins of continental blocks which 
broke off in the past „fossil trenches” of this 
character might be present, which after their 


14 In a recent paper Gilluly points out that geo- 
logical evidence indicates that there has been a thin- 
ning and thickening of the sialic layer in the course 
of the evolution, The subercrustal flowage suggested 
by Gilluly is a similar process as the one suggested 
by the present author. (J. Gilluly: Geologic con- 
trats between continents and ocean basins, Crust 
of the Earth, Geol. Soc. America, Special Paper 
62, pp. I-ı8, 1955). 

15 The conclusion of Worzel & Sturbet, and 
Ewing & Heezen, that the great deeps, such as the 
Puerto Rico Trench and the Mindanao Trench, pro- 
bably have been formed by tensional processes, is ın 
support of this supposition. Flug; 

(G. L. Worzel and G. L. Shurbet: Gravity inter- 
pretations from standard oceanic and continental 
erustal seetionsa Crust of the Earth. l.c. pp. 87- 
100, 1955, and M. Ewing and B. C. Feezen, Puerto 
Rico Trench Topography and Geohysical Data, Ibi- 


dem, 1955, pp. 255-268). 
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formation have been buried by shelf sediments. 
The modern seismic and gravimetric research of 
the continental margins might detect such fossil 
trenches, which could be of importance for the 


generation of oil (California, West Australia, 
etc.)- 16, 


Seismologists have found beneath the oceanic 
basins, at some kilometers depth only, a disconti- 
nuity which indicates the transition from basaltic 
to ultrabasic (peridotitic) matter. But we should 
be careful with the assumption that this Moho 
has always been there at such a shallow depth. 
It has been shown by Dubertret (1953, 1954) 
and Brunn (1954, fig. 3 on p. 23) that subma- 
rine basalt extrusions may form peridotitic layers 
at their base. This would produce a „neo- 
Moho” at some kilometers depth, which forms 
a physical barrier to slower longitudinal waves 
beneath. Thus crustal matter of somewhat lower 
mean density and with smaller speed of seismic 
waves might be shielded by such layers of peri- 
dotites, so that their presence is difficult to as- 
certain by seismic methods. 


In the preceding chapter (2d) we discussed the 
possibility that the original or „paleo-Moho” at 
greater depth disappeared due to igneous proces- 
ses, which we called „hypo-migmatisation”. Here 
the formation of a new and shallow „neo-Moho” 
is suggested. 


Thus the geochemical concept of crustal evo- 
lution leads to the supposition that the Moho- 
discontinuity need not be a permanent feature of 
the tectosphere. It may disappear by geochemical 
or igneous processes, and also new seismic dis- 
continuities of this character may be formed at 
different levels. 


Mr. Frylinck, member of the Staff of the Geo- 
logical-Mineralogical Institute of the University 


16 In a recent paper Officer (Geologic interpre- 
tation of a series of seismic reflection profiles from 
Bermuda to the continental margins. Deep-Sea Re- 
search, Vol. 2, nr. 4, July 1955, pp. 253-260) re- 
ports that the seismic velocities measured over the 
centinental shelf of the eastern United States for the 
basement are characteritic of metamorphics, but that, 
as one progresses out over the continental rise, thers 
is a significant decrease in the basement velocity, 
down to values which are more characteristic of 
lithified sediments. This „basement” of lithified se- 
diments thins and pinches out under the continental 
rise and it is not present under the ocean basin areas. 
Here, the sediment is underlain by the „simatic 
crust”, with seismic velocities characteristic of basic 
to ultrabasic rocks. 

The observed decrease of basement velocities be- 
neath the continental rise might be due to a much 
thicker sedimentary column in that belt, deposited 
in a „fossil marginal trench”. The latter might have 
been formed in permo-triassic time after the variscian 
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of Utrecht, suggested to call the shallow or epi- 
Moho beneath oceanic areas a neo-Moho, and the 
deeper seated or hypo-Moho beneath continental 
tracts a paleo- or ortho-Mohorovicic discontinuity. 


The physico-chemical concept leads to the pos- 
sibility that a geochemical „basification” of the 
crust might result into a decay and foun- 
dering of old land masses. This process would 
episodically oppose the growth of the sialic crust 
by „hypo-differentiation” and granitisation of the 
basement complex. 


If indeed long-range and long-term diffusions 
of chemical matter do occur in the outer part of 
the mantle, which is called „tectosphere”, then 
large-scale geo-undatory movements will result 
from the isotatic unbalance created by them. In 
other words, there will be no stringent perma- 
nency of continents and oceans. There may be a 
growth in thickness and extent of the sialic crust 
in the course of the geological evolution. But also 
parts of this crust may founder and break down 
to oceanic depths, whilst the basified matter of 
these segments flows to the mantle at the base of 
the adjacent continental areas, where it is taken 
up again in geochemical cycles of differentia- 
ton. 7, 


f. Deeper parts of the silicate mantle and the 
core 


If we pursue this line of thought (based on 
the possibility of long-range and long-term dif- 


epoch of orogenesis, due to the subsidence of the 
Appalachian Borderland („Appalachia”). 

Officer remarks that there is not a uniform age 
scale through the deep ocean sediment column; the 
pre-Cretaceous part is much reduced or even absent. 
This argues for the premiss that, in a geological 
sense, the abyssal plain areas are not static. It might 
be reasoned further that the compressed age scale 
of the lower part of the sedimentary column indica- 
tes a previous emergence of the ocean basin. But 
Officer finds this supposition incompatable with the 
evidence from seismic data about the present geologic 
structure under the oceanic and continental areas. 

However, this difficulty might be solved by the 
above conception of fundamental geochemical chan- 
ges in the crust and mantle. In figure 3 the present 
author has tried to adapt Officer’s section across the 
western part of the Atlantic Ocean (l.c. fig 4 on p. 
259) according to the idea that an Appalachian Bor- 
derland has subsided in post-variscian time. In a 
marginal trench sediments accumulated, which were 
derived from the adjacent rising part of the Ameri- 
can continental block, occupied by the Appalachian 
Mountain System. In this section both :he data 
about the present geophysical situation (gravimetric 
and seismic) as well as the data about the geological 
evolution are taken into account. It seems that it eives 
a better picture of the situation than the section pre- 
sented by Officer, which is based mainly on seismic 
data, without due reference to the older history of 
this area. The reduction of wave velocities in the 


fusions of matter) to still deeper parts of the 
earth, then we are lead to the supposition that 
there also the ensuing changes of density may 
have dynamic consequences. There are no strin- 
gent reasons to suppose that seismic discon- 
tinuities will act as chemical barriers to disperse 
ionic and atomic migrations of matter. Neither 
the „Moho”, nor the seismic discontinuity at 
— 2900 km depth (between the silicate mantle 
and the high-density core) will be impermeable 
to diffusions. 


T. Gold recently discussed the formation and 
internal development of an earth formed by the 
agglomeration of solid particals — a model more 
acceptable to astronomers than the scheme of an 
originally liquid earth (see Hawkes, 1955). Ac- 
cording to Gold the core of the earth may have 
grown by the downward percolation of dense li- 
quid — molten iron or other substances — me- 
tallic at the pressures. Lighter liquids penetrating 
upwards may have supplied the atmosphere, the 
oceans and the crust. If the somewhat crude pic- 
ture of percolating liquids (which reminds of the 
filter-press concept in the literature on the gene- 
sis of ores) is replaced by the concept of more 
diffuse migrations of matter (due to geochemical 
gradients), Gold’s model corresponds with the 
author’s conception. Entrapped solar gases, con- 
sisting of larger and lighter atoms, might migrate 
from the core outward, whereas smaller and 
heavier atoms might continue to accumulate in 


basement under the continental rise might be more 
consistently explained by the presence of a fossil 
marginal trench underneath the continental rise. 
Ewing and Press (in Crust of the Earth, l.c., 1955, 
pp. 1-6) also point out that existing data reveal a 
tendency for abnormally low seismic velocities in the 
oceanic crust near the continental margins. 

The proposed section across the Atlantic Ocean 
from New York to the Bermuda-rise (fig. 3) has 
the same character as sections situated somewhat 
farther north, published by Officer and Ewing in 
1954. In these sections also fossil marginal trenches 
are indicated; for instance, the George Bank section 
(fig. 4 on p. 660 in their paper (Part VII): Continen- 
tal shelf, continental slope, and continental rise 
south of Nova Scotia. Bull. Geol. Soc. America, Vol. 
65, PP. 653-670, 1954). 

The graben structures between the Balcones and 
Mexia faultzones, which surround the Gulf of Mexico 
at its northwestern side, as well as the marginal 
„flexures” or „hinges” in the coastal belt between 
Houston and the Rio Grande, described by P. 
Weaver (Crust of the Earth, 1955, pp. 269- 
278), might be related in a similar way to the sub- 
sidence of the continental crust in the Gulf ef 
Mexico area. 


17° Gilluly recently suggested also such a pro- 


cess of subcrustal erosion or removal of matter by 
suberustal flow from foundering crustal segments. 
(Crust of the Earth, 1955, l.c., p.13). 
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the core. Barth (1952) is also of the opinion 
that such a „degassing” of the earth is the ge- 
ochemical cause of mountain building 18. 


R. T. and W. J. Walker (1954) have recently 
added another hypothesis to the group of geo- 
chemical conceptions on crustal evolution. These 
authors suppose that the earth, instead of being 
a shrinking body, is just the reverse, due to an 
expanding mass at the center of the earth, caused 
by the disintegration of heavy atoms („Q-atoms”) 
of the earth’s core into simpler and more bulky 
atoms. 


These geochemical hypotk.eses still form a 
field of thought that is full of controversy and 
conflicting opinion. However, there is a growing 
tendency in modern geological thought to look 
for a geochemical source of energy as the primary 
cause of the evolution of our planet. Geochemical 
»rocesses cause changes of density and of volume 
yf the rocks in different layers of the silicate 
mantle and these changes — in their turn — will 
cause tectonic activity. 


The hydrostatic unbalance, resulting from ge- 
ochemical processes, wil not only cause tectonic 
movements, but it will also disturb the gyratory 
movements of the earth because it influences the 
angular momentum of the matter concerned. This 
will induce a nutation, and the earth will start 
to wobble with its axis of rotation. According to 
views developed by Gold (1955) there may even 
result a polar wandering over long distances. 


The studies of fossil magnetism by Hospers 
(1955) and Runcorn (1955) indicate that a slow 
but persistent polar wandering over considerable 
distances indeed has occurred in the course of 
the geological evolution. 


Gold is of the opinion that this instability of 
the earth’s axis of rotation might be due to a 
redistribution of matter on or within the earth. 
This is in agreement with the concept of a geo- 
chemical control of the Earth’s dynamics discus- 
sed in this paper. 


3. GEOCHEMICAL CONTROL OF THE 
GRAVITY FIELD. 


4. Greochemical or tectonic control of the 
gravity field 


Because long-range and long-term diffusions 
of matter influence the distribution of masses 


18 Poldervaart (Crust of the Earth, l.c., 1955, Pp- 
119-144) also suggests that the development of the 
present chemical composition and distribution of 
materials in the crust of the earth results from chan- 
ges in the mantle throughout geologic time, notable 
accretion of the iron core, degassing, and partial mel- 
ting in the upper part of the mantle, 


in the earth, these geochemical processes will also 
influence the gravity field at the earth’s surface. 


Isogam maps of the East- and West Indies, and 
of Europe and North Africa have been published 
by de Bruyn (1952,1955). In studying these maps 
it appears that the general picture becomes more 
and more „patchy”, when the maze of observa- 
tions is denser. The greater features, such as the 
axes of negative isostatic anomalies, are stri- 
kingly uniform especially where they are covered 
only by some cross-sections of submarine gravity 
surveys. 

This is of course, because the topographic 
(free-air) reduction of the data is more com- 
plex for the land than for the sea, and the in- 
fluence of disturbing masses in shallow positions 
is greater on land than on sea, because of their 
greater proximity to the points of observation. 


But the patchy pattern of the gravity field 
shows also that the deviations from isostatic 
equilibrium are greatly influenced by local chan- 
ges of density, and the gradients of these changes 
point to rather shallow position of the disturb- 
ing masses. 


The lateral compression theories of mountain 
building hold that the main features of the gra- 
vity field result from elastic and plastic deforma- 
tions of the crust. The first terms of the field 
of gravity anomalies would then be the result 
of rather simple mechanic (elastic and plastic) 
deformations of the crust due to a more less uni- 
form field of tangential stresses. The inhomoge- 
neities in the composition of the crust and its 
sedimentary cover would only produce the smal- 
ler, second term complications of the main field. 


On the other hand, the plutonic theories on 
mountain building suggest that the greater trends 
of the isogam maps are the result of the integra- 
tion of smaller deviations. It is possible that the 
field of gravity anomalies is in the first place the 
cumulative effect of density variations due to 
geochemical processes in the tectosphere. 


The gradients of the gravity anomalies are 
such that a rather shallow position of the distur- 
bing masses can be inferred from them. This 
has been suggested by the author for the gravity 
field in Indonesia (1954b), and that in the wes- 
tern Mediterranean (1952b). In general it seems 
likely, that the Mohorovicic discontinuity repre- 
sents a boundary, below which neither the major 
complications of the surface geology nor those 
of the gravity field do extend; or, at least, they 
cannot be maintained at those depths for periods 
of long duration in a geological sense. 


According to this geochemical concept of 
crustal evolution the main features of the gravity 


field might rather result from wavelike fronts 
of a redistribution of matter (by igneous and 
tectonic processes in the tectosphere, as well as 
sedimentary redistribution at the surface), than 
from elastic folds or plastic buckles of the crust. 
b. The gravity field of Cyprus 


That it is indeed possible to explain the ob- 
served gravity anomalies by geochemical redis- 
tribution of matter in the tectosphere, has been 
shown for the Tello-Betic System in the western 
Mediterranean (van Bemmelen, 1952b and 1954a, 
p- 27-32; Hofman, 1952) and for the Indonesian 
Archipelago (van Bemmelen, 1954b). 

Another instance is provided by a section across 
the island of Cyprus in the eastern Mediterra- 
nean. which has been constructed by the author 
according to the same principles as those applied 


to the Tello-Betic and Indonesian Mountain Sy- 


stems (see fig. 4). 

Cyprus forms a section of the outer arc of 
the Tauric Mountain System. From de Bruyn’s iso- 
gam map (1955) it appears that Cyprus forms a 
highly positive anomaly field in the midst of a 
broad belt of negative anomalies. which extends 
as a wide arc, convex to the south, from western 
Greece to south of Crete, and then by way of Cy- 
prus to the Gulf of Alexandretta. Considered 
more in detail this arc might consist of two parts 
with stronger curvature. The western part sur- 
rounds the Aegean Sea with Crete and 
Rhodos, and the eastern extends south of Tur- 
key. Both sections intersect in SW Turkey at 
about 38° N.lat. and 31° E. long. They belong 
to the Dinaric garlands of the Alpine Mountain 
System which are convex to the south. 

In order to explain this gravimetrical situa- 
tion Harrison, Cooper and Hey (1954) sugges- 
ted the presence of a vertical plate-like intrusion 
of high density igneous rocks, which spreads out 
as a horizontal disk near the surface. 

From the geological point of view, it might 
be remarked that exposures of such feeding chan- 
nels for peridotite masses never have been found, 
and that the contact phenomena of peridotites, 
whenever observed, do not indicate the high 
temperatures which are to be expected for peri- 
dotitic magmas coming from levels beneath the 
Moho-discontinuity. 

The dynamic mechanism suggested by Harri- 
son, Cooper and Hey for raising the dense pe- 
ridotitic matter from below the crust is a ben- 
ding downward of the crust (due to lateral com- 
pression and buckling), which has squeezed the 
ultrabasic magma upwards. This hypothesis ıs 
conform the premiss of tectonic control of 
igeous activity (Kennedy er al., 1954). However, 
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this supposition seems to be no more in harmony 
with geological observations. Because the effu- 
sions and emplacements of basic and ultrabasic, 
ophiolitic suites in this part of the Mediterra- 
nean and the surrounding areas, such as Greece, 
Turkey, northern Syria, Oman, etc., seem to be 
related rather to crustal tension. (See L. Glan- 
geaud’s summary to the session of the XVth sec- 
tion of the Int. Geol. Congress at Alger; Proc. 
part XVII, p. 237, Alger 1954, who concluded: 
„Neanmoins elles presentent un m&me phenome- 
ne d’eruptions simiques au moment d’une phase 
de distension”; see als Kündig’s contribution to 
this symposium). 

According to the work of Henson, Browne 
and McGinty (1949), and that of Bischopp 
(1954), the high-density rocks of the Troödos 
Mountains, with which the gravity maximum is 
clearly related, are of complex origin. 

The rocks of the Troödos Mountains are partly 
metamorphic folded diabases of pre-triassic age, 
with later plutonic intrusions of dunite-serpen- 
tine, gabbro and minor pyroxenites. The dunite 
forms the core of the intrusion, and it is sepa- 
rated from the folded diabase by a gabbroic belt, 
hundreds of metres thick. According to Bischopp 
it is possible, that the gabbro has been formed by 
refusion and fluxing of the folded diabases. 

In post-triassic and pre-senonian time there 
were peripheral effusions of pillow-lavas of ba- 
salto-andesitic composition. The feeder dikes of 
these lavas pass through the folded diabases, but 
not through the gabbroic mantle of the plutonic 
intrusion. Therefore, it seems possible that these 
effusions of pillow lavas are related with the 
emplacement of the plutonic mass. They might 
represent palingenic basalt magma, generated in 
the gabbroic belt. 

This mesozoic series of basic and ultra-basic 
igneous rocks originated during the mesozoic 
subsidence of the southern margin of the Tethys 
geosyncline. They represent the ophiolitic suite 
of the Alpine orogenesis. 

In late Miocene time Cyprus became the fo- 
redeep of a Tauric arc situated to the north if 
it. At that time it was subjected to gravity tec- 
tonics, which caused the thrusts of the Kyrenian 
Mountains and an imbrication of the northern 
part of the ophiolites (fig. 4, section I). More- 
over, this downwarp of Cyprus in Mid-Tertiary 
time probably initiated or stimulated the hypo- 
differentation in deeper levels of the crust 
density magma and migma accumulated at the 


19 For the concept of the formation of low-level 
basic fronts during geosynclinal subsidence see: The 
Geology of Indonesia (1949, Vol. I A, p. 245-246) 
and Mountain Building (1954, p. 21-23). 


‚ base of the basement complex. 


It is possible that the growth of this asthe- 


‚ nolith had begun already at an earlier stage, viz. 
‚ during the Mesozoic subsidence, causing an aci- 


dification of the lower part of the basement 


complex, which was accompanied by the forming 
‚of a basic to ultrabasic (ophiolitic) front in high- 
‚er levels. 


But it was not beforce the Plio-Pleistocene 
that the hydrostatic unbalance had acquired suf- 
ficient potential energy and the mean strength of 
the crust was sufficiently reduced so that the 
foredeep could be pushed up. This uplift steepe- 
ned the northward dip of the Kyrenian thrust 
planes in northern Cyprus, and it exposed the 
high-density rocks of the basic front in the top- 
part of the basement complex which are now 


exposed in the Troödos Mountains of Central 


Cyprus (see fig. 4, section II). 


The characteristic feature of this section is that 
it shows an inversion of the density stratifica- 
tion, because a disk of high-density rocks of basic 
and ultrabasic composition overlies a basement 
complex of intermediate density; the latter, in its 
turn, is underlain by a low-density root (aste- 
nolith) of acid magma and migma. 


This situation may have come into existence 
by means of geochemical processes. It is very dif- 
ficult, if not impossible, to conceive a tectonic 
mechanism which would create such an inversion 
of the density stratification, becouse it means an 
increase in gravitational (i.e. potential) energy of 
the matter concerned. 

During the uplift intrusions of palingenic acid 
magma may occur due to the hydraulic and archi- 
medean overpressure in the athenolith, forming 
late-and post tectonic batholiths. But even when 
the asthenolith would have acquired floating 
equilibrium, there would still be no gravitational 
balance due to the presence of the cap of high- 
density rocks. 

Gravitational balance could be restored in 
three ways: a) the removal of the high-density 
rocks by erosion, b) their sliding sideways, c) the 
caving in of the high-density mass. 

(a) The process of erosion is nowadays already 
active. However, it is possible that the increase 
of the orogenic relief energy, due to the progres- 
sive uplift of the island and the accompanying 
compensatory subsidence of the surrounding Me- 
diterranean Basin, will become so great, that ın 
the geological future reactions by gravity tecto- 
nics will occur. These can occur in two wayS: 

b. Either the heavy mass of the Troödos Moun- 
tains will slide sideways into the side deep, 


or 
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c. it will cave in like the copestone block of a 
vault. 

The first possibility, slipping sideward, occur- 
ted probably with the ophiolites of Malaga in 
the Betic Mountain System (van Bemmelen, 1952 
b), and with the ophiolites of the Pindus Mts. 
ın western Greece (Brunn, 1954, fig. 2 on p. 22). 
It has probably also been the cause of the accu- 
mulation (during the Pre-Insubrian orogenic pha- 
ses) of high-density rocks in the Ivrea Zone of 
the western Alps. 

The second possibility, caving in, presumably 
is the reason of the breaking down in quaternary 
time of the Sulu Basin, the southern Banda Basin, 
the Weber Deep, and other troughs in the eastern 
part of the Indonesian Archipelago. 

The highly positive anomaly field of the Cy- 
clades in the Aegean Sea might indicate that this 
is an area, where such a caving in is actually in 
progress, accompanied by seismic and volcanic 
activity. 

Such a caving in of crustal tracts, measuring 
hundreds of kilometres across, due to the presence 
of ultra-basic masses at their top, is mechanically 
comparable (through at a smaller scale) to the 
decay and foundering of old landmasses, measu- 
ting trousands of kilometres across, due to their 
loading with basalts, as discussed in chapter 2 
dand e. 

Section II of figure 4 represents a geological 
prognosis of the gravity field, because it sug- 
gests a definite distribution of masses in depth. 
B. J. Hofman has calculated the Bouguer ano- 
malies, which would result from such a distri- 
bution of masses. This prediction of the gravity 
field was compared with the curve of the Bouguer 
anomalies, which has been actually observed (the 
diagnosis). It appeared that there was an almost 
perfect congruence between both. The prognostic 
and diagnostic curves deviated rather strongly for 
northern Cyprus, but that deviation might be 
removed by accepting the presence of more high- 
density ophiolitic rocks in the upthrusts of the 
Kyrenian Range. The probability of this supposi- 
tion is supported by the fact, that indeed expo- 
sures of serpentinites are frequent in this range. 

We can conclude from this congruence be- 
tween the predicted and the observed gravity 
field that the geochemical concept of crustal 
evolution leads to gravimetrically sound con- 
structions. 
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GENERAL DISCUSSION 


Prof. BROUWER, in opening the general discussion, 
refers to the subdivision of the Symposium into 
separate groups of closely related subjects. A first group 
is represented by the papers of Prof. de Sitter and 
Prof. Westerveld, on granitic instrusion, in the Pyrenees 
and in Portugal respectively. Prof. Brouwer inquires 
whether, in view of other subjects dealt with during 
the Symposium, there is anything to add to the initial 
discussions. 


Prof. DE SITTER (Leiden) states that the various 
papers have clearly shown that two quite different 


modes of syntectonic metamorphism have been discus-- 


sed; on the one hand migmatization in connection with 
syntectonic granites, and on the other hand glauco- 
phanization in connection with basic intrusions. Not a 
single connecting link between the two metamorphic 
processes has been revealed by the papers and their 
discussions. Their relations with the orogene differ in 
space, time and mineralogy. To Prof. de Sitter’s opinion, 
this fact has been very clearly demonstrated and is of 
fundamental importance. 

With respect to the syntectonic metamorphism of 
the Pyrenees, Prof. de Sitter states that this is character- 
ized by the occurrence of the amphibolite facies. The 
zoning from a sillimanite-garnet zone to a biotite zone 
and a sericite zone is clearly expressed everywhere. 


Prof. \WESTERVELD (Amsterdam) observes, that the 
scarcity of garnet on the NE-side of the syntectonic 
granites W of Viseu in N. Portugal, must perhaps be 
ascribed to the local chemical composition of the pre- 
Ordovician series. To the SW of the syntectonic 
granites, on the side of the Atlantic Ocean, garnet is 
sometimes abundant. 


Dr. Kündig’s paper now comes up for discussion. 
This paper, in which some interesting data have been 
given on the extrusive character of certain peridotitic 
rocks, stands more or less alone. 


Prof. VAN BEMMELEN (Utrecht) points out that Dr. 
Kündig has stressed the effusive character of many 
ophiolites. But also many intrusive or metasomatically 
emplaced masses of peridotites and other basic and 
ultra basic rocks are known, for instance the peridotites 
of Malaga, described by Blumenthal, and those of 
Cyprus, described by Bishopp. Nevertheless, these 
intrusions need not come from great depth (viz. the 
simatic shell beneath the ”Moho”); they might be 
either metasomatic emplacements (e.g. in dolomitic 
sedimentary rocks), or the products of palingenic basic 
and ultra basic magmas, generated at the base of or 
inside the crystalline basement complex, and forcefully 
injected into higher levels. 


Dr. SCHÜRMANN remarks that, as regards the question 
as to whether the serpentines are sub-marine flows, he 
wishes to point out that it seems improbable to him 
that the relatively thin lavas could result in a segregat- 
ion of chromite deposits of commercial value. He 
thinks it more probable that this segregation took place 


at a greater depth (i.e. as intrusions). He would rather 
consider the serpentine fragments found in the flows 
as being exogenous inclusions just as Dr. Kündig also 
regards the big sedimentary boulders in and on the 
tlows as exogenous inclusions. He can imagine that, 
just as in basalt plugs, peridotitic rocks have been 
brought up from great depths. American and European 
specialists are of the opinion that peridotite bombs 
represent igneous rocks which have been exposed to 
stress at a great depth. They are no longer considered 
to be young segregations in a young basaltic magma. 


Dr. Künpıs (B.P.M.) emphasizes that the best 
method for the solving of the general problems seems 
to be the mapping of the various factors that character- 
ize an orogen (geographical and time distribution), 
followed by comparative study. Such factors are for 
instance: degree of deformation, degree of metamor- 
phism, degree of plutonism, volcanism, gravity distribu- 
tion, etc. One might term this a "comparative orogen 
case history”. 


Dr. DE ROEVER (Amsterdam) would like to draw 
attention to the possibility that many masses of 
peridotite have been emplaced as solid parts of the 
peridotite layer, pushed up from this layer by orogenic 
forces. Absence of thermal metamorphism in many 
cases and the general scarcity of small scale peridotite 
veins would then be explained. 


Prof. VAN BEMMELEN doubts whether the aviable 
energy is sufficent for such an emplacement. 


Dr. DE ROEVER answers that in a recent paper on 
the origin of dunites and of olivine rich inclusions in 
basaltic rocks (Ross, Foster and Myers, 1954, Amer. 
Min. 39, p. 693) the peridotite zone is said to be 
shallower than previously assumed, which obviates this 
difficulty. 

Now the papers of Dr. Egeler and Dr. Schürmann 
come up for discussion. 


Prof. BROUWER points out the controversy in the 
viewpoints regarding the origin of the glaucophane 
schist metamorphism. We must realize that for the 
production of a specific mineral the fulfilment of two 
independent conditions is required: (A) the P-T 
stability field of the mineral must be attained, and 
(B) the chemism must warrant the forming of the 
mineral. With regard to the chemism, there are several 
possibilities: (1) initial composition, without addition 
of material, (2) pre-metamorphic addition of material, 
and (3) syn-metamorphic addition of material. All 
these various factors must be considered. To Prof. 
Brouwer’s opinion, the initial composition will in 
many cases suffice for the production of Na-amphiboles 
or Na-pyroxenes, under the specific P-T conditions. 
This is well illustrated, for example, by chemical 
analyses of some glaucophane-rich ophiolites from 
Corsica. The fact that on Corsica there are also 
indications for pre-metamorphic as well as syn-meta- 
morphic soda enrichment, has been brought forward 
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in Dr. Egeler’s address. Dr. Schürmann, on the other 
hand, stresses the role of soda enrichment as an 
essential factor in the production of glaucophane and 
related minerals. It would be interesting to hear Dr. 
Schürmann’s opinion on the other factors mentioned. 


Dr. SCHÜRMANN in answer to Prof. Brouwer states 
that Prof. Brouwer’s point A (P-T stability) certainly 
is of influence, but that it should naturally be regarded 
with an eye on the great differences in the chemical 
composition of the solutions, resulting sometimes in 
the occurrence of two different blue amphiboles in the 
same tock. L 

Dr. Schürmann’s answer to point B (chemical 
conditions) is that, except for the supply of syn-meta- 
morphic material as mentioned by Prof. Brouwer, the 
supply of post-metamorphic material should also be 
taken into account. All 4 points can cause the genesis 
of blue amphiboles: 

1. original chemical composition sufficient. One can 
imagine that some basic igneous rocks can change 
into glaucophane-bearing rocks during a regional 
metamorphism. 

2. pre-metamorphic supply of material. In Dr. Schür- 
mann’s opinion it is possible that certain blue 
amphiboles will originate under these conditions, 
but during the following regional metamorphism 
could be changed into green hornblende. 

3. syn- and 4. post-metamorphic supply of material. In 
his opinion supply of material occurs during the 
regional metamorphism as well as during the post- 
metamorphism. Wegmann pointed out the different 
generations of blue amphiboles of the same locality 
years ago (St. Veran). Post-metamorphic supply of 
material seems probable in places where blue 
amphiboles cut in undisturbed veins the regional 
metamorphic schists. Dr. Schürmann considers the 
occurrence of blue amphiboles in ore, especially in 
copper-ore veins, as belonging to the post-regional- 
metamorphic supply of material. These solutions 
must have migrated over a long distance. 

The important question for each area is, what 
conditions the great masses of glaucophane schist have 
caused and, from a world-wide view point it appears 
to me that the co-occurrence of glaucophane-rocks with 
ophiolites, the occurrence of veins of blue hornblende 
in non-metamorphic rocks and the occurrence of blue 
amphibole in mineral- and ore veins all point to a 
movement of Na-rich solution over great distances. As 
already mentioned the ophiolites and the stress play the 


greatest part in the formation of most glaucophane 
rocks. 


Dr. EGELER (Amsterdam) states that in his opinion 
there can be no doubt that the glaucophane facies 
metamorphism is a regional metamorphism, super- 
imposed on rocks of varying character. These some- 
times did not have the chemical composition needed 
to produce glaucophane (crossite or Na-pyroxene), 
whereas in other cases they did have this composition, 
either initially, by pre-metamorphic soda metasoma- 
tism, or by syn-metamorphic soda metasomatism. Albite 
porphyroblasts which are found in glaucophane-rich 
schists in Corsica, and which enclose S-shaped trends 
of glaucophane, lawsonite, etc., are considered as Prod- 
ucts of synkinematic metamorphism with soda enrich- 
ment. Evidently this soda enrichment is not directly 
related to ophiolite intrusions; its source is uncertain. 

Dr. Egeler further remarks that for Corsica and 
California one might consider the possibility of two 
different processes, leading to metamorphic conver- 
gence, though in his opinion this is not likely. 


With regard to the veins with blue amphiboles, 
mentioned by Dr. Schürmann, as cutting regional 
metamorphic rocks, he would point out that these 
are also known from Corsica. In his opinion they have 
been formed in a late stage, though definitely still 
under metamorphic condition, i.c. the P-T conditions 
of the glaucophane schist facies. 


Dr. SCHÜRMANN replies that one must bear in mind 
that the observation in Corsica were carried ou in a 
tectonically very complicated area. California as well as 
Turkey are tectonically less complicated and therefore 
more suitable for the tackling of these problems. 
During the symposium Kündig and Niggli both 
pointed out the great complications in the Alps, which 
certainly make an interpretation more difficult. It 
should be stressed that the P-T and the chemical 
composition must have been variable during the genesis 
of the blue amphiboles, otherwise it would be difficult 
to explain the co-existence of riebeckite, crossite and 
glaucophane, which are perhaps also connected by 
transistions. It cannot be too strongly emphasized that 
the largest part of the glaucophane schists belongs to 
the paraschists (sediments and »ot volcanics). 

In his 1953 publication Dr. Schürmann already 
mentioned the fact that one should distinguish between 
glaucophane and glaucophane. 

As regards Na-metasomatism he should like to 
draw attention to the changing of normal garnet and 
staurolite bearing crystalline schists into practically 
pure feldspathic rocks by means of Na-supply resulting 
from Na-rich basaltic intrusions. 


Dr. EGELER would like to stress the fact that the 
larger part of the glaucophane-bearing schists in Corsica 
are metamorphic ophiolitic rocks, and not paraschists. 


Prof. BROUWER concludes that the discrepancy 
between Dr. Schürmann’s and Dr. Egeler’s views is 
less than it would seem, as neither rejects the various 
possibilities mentioned with regard to the chemism. 


Then de paper of Dr. de Roever comes up for 
discussion. 


Prof. VAN BEMMELEN observes, that the idea that 
there is an evolution in metamorphic associations, 
forwarded by Dr. de Roever, seems to be a fertile one. 
When we consider the crustal evolution as a cosmic 
process, the principle of uniformitarianism will loose 
its validity in certain respects. H. Termier pointed out 
that the arrival of calcareous sediments in pre-Cambrian 
seas would greatly enlarge the range of igneous rocks. 
In the same way, the principle of growth of the sialic 
crust in the course if the geological evolution would 
certainly influence the tectonic style of the successive 
orogenic cycles to which the crust is subjected and the 
character of the accompanying metamorphism. 


Dr. DE ROEVER wishes to add that anorthosites, for 
instance, show a striking preferential distribution in 
the pre-Cambrian complexes. In this respect, the 
occurrence of high temperature plagioclase in an 
anorthosite to gabbro from Nordingrä, Sweden (Van 
der Kaaden 1951, thesis Utrecht) may be of some 
importance, since it is considered to indicate rapid 
cooling. 

Further Dr. de Roever remarks that, since in 
petrographical descriptions of metamorphic regions 
comprehensive lists of the metamorphic minerals 
encountered are only seldom given, a more exact insight 
in the mineralogical aspects and the facies of the 
metamorphism in question is commonly difficult to 
obtain. He strongly recommends the publication of 
such comprehensive lists of metamorphic minerals. 


EEROMERKEBEIEI- SUP 


Geologisches Wanderbuch für das nördliche 
Rheinland, von Richard REIN. Vierte, neu bearb. 
und erweiterte Aufl. xi + 152 S. mit 20 Abb. 
und 10 Tab. Verlag Goecke & Evers, Krefeld‘ 
1953. (Importeurs Meulenhoff & Co. N.V.) 
Prijs ing. f 8,20. 


Van dit handige boekje in zakformaat verscheen de 
vierde druk. In vergelijking met de vorige druk is het 
beschreven gebied opnieuw iets uitgebreid, speciaal in 
zuidelijke richting, zodat nu ook het gebied om Aken, 
het Bergische Land en het Siebengebirge opgenomen 
zijn. Vooral de „oudere” geologie heeft daardoor een 
welkome uitbreiding ondergaan. Binnen het nog altijd 
betrekkelijk kleine gebied zijn alle perioden met af- 
zettingen vertegenwoordigd. 


Het boekje bestaat uit twee gedeelten, van ongeveer 
gelijke omvang. Het eerste geeft een overzicht van de 
historische geologie van het Kambrium af, het tweede 


bevat een gedetailleerde beschrijving van 23 excursies._ 


Het historische overzicht is summier, maar waar- 
schijnlijk voldoende voor gebruikers, die geen speciale 
geologische scholing hebben gehad. De behandeling 
is nogal conventioneel. Moderne gezichtspunten van 
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de historische geologie komen daardoor niet steeds vol- 
doende tot hun recht. 


Geologen van professie, en vooral dezulken, die in 
het gebied niet thuis zijn, zullen stellig het meeste 
profijt hebben van het tweede gedeelte. De 23 ex- 
cursiebeschrijvingen zijn in acht groepen verdeeld, naar 
de natuurlijke eenheden waaruit het gebied bestaat. 
Zi vormen een uitstekende gids bij excursies. De goede 
ontsluitingen en andere geologische bezienwaardig- 
heden zijn nauwkeurig aangeduid, iets, dat ieder, die 
wel eens excursies heeft moeten voorbereiden aan de 
hand van wetenschappelijke, regionale literatuur, zal 
weten te waarderen. 


Het boekje bevat geen geologische kaart, maar ver- 
wijst naar de bestaande kaarten, wat stellig gerecht- 
vaardigd is, gezien de hoge kosten die een kaart met 
zich mee brengt. Helaas bevat het boekje ook geen 
opgave van de belangrijkste literatuur over het be- 
schreven gebied. Een keuze uit de nieuwe literatuur, 
enkele belangrijke samenvattingen en regionale ge- 
schriften, die vanzelf de weg verder wijzen, zou m.i. 
velen van dienst zijn geweest. Overigens is het boekje 
echter een bijzonder praktische gids. 

ABr 


GEOLOGISCH EN MIJNBOUWKUNDIG NIEUWS 


U.N. TECHNICAL ASSISTANCE ADMINI- 
STRATION, VACATURES — De regering van 
Jordanie zoek een "overall manager” voor de Resefa- 
fosfaatmijnen, die tot taak zal krijgen de fosfaatproduktie 
van 250.000 ton zo mogelijk tot 1 miljoen ton per 
jaar te’ verhogen, met alle daarmee samenhangende 
vraagstukken van administratie, personeel (+ 10.000 
man), transport ed. De aan te stellen functionaris 
dient te voldoen aan hoge eisen van karakter en per- 
soonlijkheid. Zijn zuiver technische kwaliteiten be- 
hoeven niet van doorslaggevende betekenis te zijn. 
Voor een eerste klas kracht wordt een zeer goed 
salaris (met transfer-faciliteiten in het E.B.U.-gebied) 
in het vooruitzicht gesteld, voorts vrije woning en 
andere faciliteiten. 


De regering van Iran zoekt een mijnbouwkundig 
ingenieur (leeftijd tussen 40 en 55 jaar), met minstens 
15 jaar ervaring (bij voorkeur in Lateins Amerika) op 
het gebied van erts-ontginning. Taak: de chef-geoloog 
van het zevenparenplan voor de ontginning van delf- 
stoffen bij te staan, een programma te ontwikkelen 
voor de ontginnig van ertsen, opleiding van ingenieurs 
en lager leidinggevend personeel. Duur: 1 jaar, met 
mogelijkheid tot verlenging. Sollicitaties vöör 1 mei. 


De regering van Colombia zoekt voor het "Cauca 
Valley project”: 
1. een ”senior field geologist (project chief)” om 
rechtstreeks onder de "project executive director” de 
leiding op zich te nemen van het geologische werk 
(leiding van een veldgroep, petrografisch, stratigrafisch 
en paleontologisch werk, samenstellen van kaarten 
1 3 00 El 200.000 en supervisie van alle 
geologische onderzoekingen ten behoeve van het 


project). De aan te stellen functionaris dient bij voor- 
keur gepromoveerd te zijn, of anders voldoende er- 
varing te hebben in een verantwoordelijke positie; hij 
dient op de hoogte te zijn van petrografie, mineralogie, 
stratigrafie, paleonologie, structurele geologie, hydro- 
logie en veldwerk inclusief gebruik van luchtfoto’s en 
vervaardigen van topografische kaarten), en over min- 
stens 10 jaar ervaring te beschikken, waarvan minstens 
5 jaar als chef van veldploegen. 


2. een "senior coal geologist” voor leiding van veld- 
en laboratoriumwerk op het gebied van kolengeologie. 
De aan te stellen functionaris dient minstens 10 jaar 
geologische ervaring te hebben, waarvan minstens 5 
jaar in een verantwoordelijke positie met betrekking 
tot onderzoek en ontwikkeling van koolvoorkomens, 
en dient voldoende mijnbouwkundige ervaring te heb- 
ben om de ontginningsmogelijkheden te kunnen be- 
oordelen. 


3, een "senior metallic minerals mining geologist”. 
Aan deze functionaris worden dezelfde eisen gesteld als 
aan de functionaris sub 2, doch nu met betrekking tot 
ertsen. 
4. een "senior geologist, non-metallic minerals”, voor 
veld- en laboratoriumwerk. De aan te stellen functio- 
naris dient minstens 7 jaar geologische ervaring te be- 
zitten, waarvan minstens 3 jaar in een verantwoorde- 
lijke positie op het gebied van niet-metallische afzet- 
tingen en hun toepassing voor industri@le doeleinden. 
Alle functionarissen dienen vloeiend Spaans of 
Engels te spreken. 


Verzoeken om inlichtingen en sollicitaties voor alle 
bovengenoemde vacatures dienen te worden gericht tot 
het Bureau voor Internationale Technische Hulp, 
Alexanderstraat 14, ’s-Gravenhage. 
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SG EFNFOFTOTTSSE CE HE AT PESE ZA 


PERSONALIA 


Nienwe leden: 

STRACKE, mi. Ic. K. J. — Welkom, O. FE. S., 
Zuid Afrika, c/o President Brand Gold Mining Cy 
Ltd., P.O. Box 64. (b) 


Nieuwe buitengewone leden: 


ADRICHEM BOOGAERT, H. A. van — Leiden, 
Herenstraat 62. (bg) (L.G.V.) - 

BINNEKAMP, J. G. — Leiden, Anna Paulownastraat 

1a. (bg) (L.G.V.) 

BOYENS, J. J. E. — Delft, Adriaan Pauwstraat 51. 


(bg) (M.V.D.) 

BROUWER, H. — Leiden, Zonneveldstraat la. (bg) 
IGNA) 

BURGER, D. — Leiden, Zoeterwoudse Singel 30. (bg) 
(LEW) 


DUYFJES, J. — Delft, Oude Delft 4. (bg) (M.V.D.) 

ENGELS, J. P. — Leiden, Breestraat 14. (bg) (L.G.V.) 

FISCHER, M. M. — Leiden, Bakhuys Rozenboomstraat 
24. (bg) (L.G.V.) 

FAASE, R. — Aerdenhout, Rijnegomlaan 55. (bg) 
(L.G.V.) 

GRAAFF, W .P. F. H. de — Zandvoort, Dr. Gerke- 
straat 139. (bg) (L.G.V.) 

GROOT, P. F. L. de — Leiden, Drie Octoberstraat 57. 


(b.8.) (L.G.V.) 

HERMANS, G. — Delft, Prof. Oudemanstraat 6. (bg) 
(M.V.D.) 

KALSBEEK, F. — Katwijk a. d. Rijn, Zeeweg 145. 
(be) (L.G.V.) 

KOSTER VAN GROOS, A. F. — ’s-Gravenhage, 


Frankenslag 349. (bg) (L.G.V.) 

MAASKANT, P. — Leiden, (bg) 
Ca) 

MEYER, J. J. de — Leiden, Rijn- en Schiekade 126. 
(bg) (L.G.V.) 

NAGTEGAAL, P. — Leiden, Boerhavelaan 42. (bg) 
(L.G.V.) 

RIJKS, H. P. R. — Leiden, Verlengde Bloemistenlaan 
38. (bg) (L.G.V.) 

TEER, D. — Leiden, Rijn- en Schiekade 113. (bg) 
Ga 

VALK, C. B. C. — Leiden, Boerhavelaan 49. (bg) 
WEGEVB) 

VLIERBOOM, F. W. — 's-Gravenhage, Laan van 
Poot 362. (bg) (L.G.V.) 

WOENSDREGT, C. F. — Katwijk/Zee, Zeeweg 69. 
(bg) (L.G.V)) 

WIJNSTRA, T. A. — Leiden, Rijn- en Schiekade 80. 
(be) (L.G.V.) 

WIJNHORST, J. G. — ’s-Gravenhage, Wolmarans- 
straat 163. (bg) (L.G.V.) 

Nieuwe adressen: 

AKKERSDIJK, m.i., Prof. Ir. M. E. — 's-Gravenhage, 
van Oldenbarneveldlaan 50. (g) (K) 

ALLAART, geol. drs.,, J. H. — Leiden, Rinsburger- 
weg 75A. (bg) 

AUDRENSCENTE IE Amerongen, Droste- 
straat 1. (g) (K) 

BAKKER, Gzn. m.i., Ir. je — kanal WM, il. 
Hobart House, Grosvenor Place, c/o Nat. Coal 
Board, Production Dept. (b) (K) 


Wasstraat 2c. 


BROUWER, m.i., Ir. L. E. J- — Warmond, Dorps- 


siraat 9. (g) (gk) (K) 
DOORNINCK, miss Dre ENG Eevane Geoloog- 
mijningenieur, Manila, Philippine Islands, c/o 


Marino Olondriz y Cia, P.O. Box 109. (g) 

EMBDEN, Th. P. P. van — Sorong, Ned. Nieuw 
Guinea, c/o N.N.G.P.M. (g) 

KAADEN, Dr. G. van der — Bahcelievler, Ankara, 
Turkije, II Cadde no. 57 Daire 1, Emek Apartiman. 
(b). 

KAU, m... Ir. W. J2C. —ins2br dEN VEREINE 
Voorburg, Paradijsstraat 16. (b) (gk) 

KEIJ, Dr. A. J. — Palaeontoloog b. d. N.V. B.P.M., 
Scheveningen, Zeekant 44. (g) 

KUYL, geol. des, O0. S. — Geoloog b. d. Geol. 
Stichting, Afd. Geol. Bureau voor het Mijngebied, 
Heerlen, Akerstraat 86. (g) (gk) 

LOON, geol. drs., W. E. van — Chef Chem. Lab. 
Kon. Demka Staalfabrieken te Utrecht; Groenekan, 
Gem. Maartensdijk, Veldlaan 3A (b) (K) 

MADLENER, m.i., Ir. H. M. M. — ’s-Gravenhage, 
leplaan 75. Ingenieur bij de N.V. B.P.M. (g) (K) 

MARON, geol. drs., P. — Owerri, S. Nigeria, B.W.A., 
c/o Shell d’Arcy Petroleum Development Cy of 
Nigeria, Ltd. (g) (gk) 

MEKEL, geol. drs., J. F. N. — Maracaibo, Venezuela, 
c/o Cia Shell de Venezuela, Apartado 19. (g) 

MULDER, Dr. C. J. — Kavaklidere, Ankara, Turkije, 
Bestekär Sokak-Aridimir Apt., c/o N.V. B.P.M,, 
P.K. 3041. (g) 

NUYTEN, C. P. L. — Delft, Oostsingel 107. (bg) 
(M.V.D.) 

PRIJONO NITIHARDJO, A. — Delft, Botaniestraat 
28. (bg) (M.V.D.) 

STAARTJES, T. — Delft, Oude Delft 223. (bg) 
(M.V.D.) 

TELLINGEN, Dr. H. W. van — Seria, State of 
Brunei (via Singapore), c/o B.P.M. Cy Ltd. (g) 
VALK, Dr. W. — Mbeya, Tanganijika, Br. East Africa, 
c/o Mbeya Exploration Cy Ltd., Private Bag. (g) 
VERBRAECK, geol. drs., A. — Oegstgeest, Waldeck 

Pyrmontlaan 10. (g) 

VISSER, Dr. W. A. — Sorong, Ned. Nieuw Guinea, 
c/o N.N.G.P.M. (g) 

WEDMAN, geol. drs., E. J. — Maarssen, Heeren- 
gracht 19. (bg) 

Mutaties: 

CRUYNINGEN, m.i., Ir. J. P. van — van (bg) naar 
(m) (B) 

CUP, Dr. C. — Geoloog b. h. Bureau Minier de la 
France d’Outre Mer. Bussum, Spoorlaan 30. Van 
(bg) naar (g) (gk) 

JANSS, m.i., Ir. E. R. Th. — van (bg) naar (m) 

WILLEMS, m.i., Ir. J. F. J. — van (g) naar (b) 

Correcties: 

GRAMBERG, m.i., Ir. J. — (m) (K) i.p.v. (m) 

HAAN, mi, Ir WW. de = ps. I wer Ge 

HOEK, Marcel — moet zijn: Hoek, M. — 

KRAMER, m.i., Ir. G. M. — (m) (RK) i.p:v. (m) 

KROPMANS, w.i., Ir. Th. J. P. — (m) (BR) i.p.v. (m) 

MOORT, J. C. van — (bg) i.p.v. (bg) (b) (gk) 

SLOTBOOM,R. Th vn 

THIADENS, Dr. A. A. — (b) (ek) (K) 1.p.v. (b) (gk 

VEEN, geol. drs., A. H. v. d. — (b) (gk) i.p.v. & 


Adressen gevraagd: 


COLERIDGE, H. G. — (bg) (M.V.D.) 
BETENKDEARS ER ne (g) 
SNOEP, J% PS——(b2) (L.G.V.) 


| NEDERLANDS-NIEUW-GUINEA 
| 


Het Gouvernement van Nederlands-Nieuw-Guinea vraagt een 


HOOFD VAN DE MIJNBOUW 


| In aanmerking komen uitsluitend mijningenieurs, die op grond van praktijk en 
| ervaring zelfstandig leiding kunnen geven aan alle voorkomende werkzaamheden 
| op mijinbouwkundig gebied, in het bijzonder aan het mijnbouwkundig-geologisch 
onderzoek en die mede belast kunnen worden met de uitvoering van de voor- 


schriften op het terrein der miinbouwwetgeving. Salaris en overige voorwaarden 
nader overeen te komen 


Uitvoerige schriftelijke sollicitaties met recente pasfoto en opgave referenties te richten aan de Chef van de Directie 
Nederlands-Nieuw-Guinea bij het Ministerie van Overzeese Rijksdelen, Plein no 1, 's-Gravenhage 


WAAROM | Fa 


BPLANETA 


PLANETA 


TAKELS? 


De Broederschap van Ned. Tentenmakers 


houdt tentenshows met volledige kollekties 
der leden te 


AMSTERDAM 


van 14-16 april 1956 op het terrein van de 
Amsterdamse IJs Club aan het IJsbaanpad (vlak 
bij het Olympisch Stadion, vanaf het Amstel- 
station met buslijn E, vanaf het Centraal Station 
met de tramliinen 24 en 16 bereikbaar) en te 


NIJMEGEN 


van 21-23 april 1956 aan de Spoorstraat (&en 
minuut van het station en het Keizer Karelplein) 


N 


omdat deze een gering 
eigengewicht, kleine bouw- 
hoogte, kogellager uitvoe- 
ring, geringe trekkracht en 
lange levensduur hebben. 


LICHT PLANETA 1/g-21/2 t. 
SUPER PLANETA 1/,-30 t. 


De tentenshows der Broederschap zijn geopend 
op: zaterdag en maandag van 10-18 uur en 
tot 5 ton uit voorraad op zondag van 13-18 uur 
leverbaar | 
Toegangsprijs voor volwassenen f 0.50 alle 
rechten inbegrepen, voor kinderen onder 


14 jaar f 0.25 


VERKOOPKANTOOR : 
N.V. TECHNISCH HANDELSBUREAU 


BRONSENDIEK 


HAAGWEG 81, RIISWIJK Z.H. Telef. 119409 


Machinefabriek Kreber 


Vlaardingen 


Fractioneerkolommen 
Gaswassers 
Warmtewisselaars 


Distilleerketels 


ATELIERS DE CONSTRUCTIONS MECANIQUES 
A. COLINET S.A. 


LE ROEULX (Belgique) 
Telephone: La Louviere 629.21 (3 lignes) - Adresse telegr.: Colcroix - Le Roeulx 


PROGRAMME DE FABRICATION 


ABATAGE 


Marteaux piqueurs 
Marteaux brise-beton 
Marteaux böches 
Aiguilles et autres outils 


PERFORATION 


Marteaux perforateurs 
Bequilles pneumatiques 
Te&tes de rincage 
Capteurs de poussieres 
Foreuses pneumatiques 
Jumbo - Fleurets - Taillants 
en metal dur - Affüteuse 
de taillants en metal dur 
Affutsverticalethorizontal 


CHARGEMENT 


Tasseurs pneumatiques 
pour wagonnets 


TRANSPORT 


Installations completes de 
bandes transporteuses 
Rouleaux pour transpor- 
teurs 

Moteurs pneumatiques 


SOUTENEMENT 


Etancons metalliques a 
hauteurs r&eglables 

Treuil ad main pour arra- 
chage des etancons 


TUYAUTERIES 


Tous accessoires pour air 
comprime et eau. Raccords 
rapides a rotule avec joints 
auto-&tanches «SUPPLEX» 
Robinets - Soupapes auto- 


KEMA 


matiques, busettes, ecrous 
& ailettes - Carcans, nip- 
ples, robinets da passage 
direct etc..... 


BETON 


Vibrateurs pneumatiques 
a beton 


DIVERS 


Toutes pieces mecaniques 
de haute precision exige- 
ant des matieres de qua- 
lite, du traitement ther- 
mique (cementation et 
trempe), delarectification, 
rodage - Meuleuses pneu- 
matiques da main pour 
ajusteurs - Pieces de locos 
Diesel - Pieces de Panzer 


KÖLN- SUB ELDEN MASCHINENBAU- ANSTALT G. m.b.H. 


Neter 255 ww 


n= 


730U.p.M. 


Magazin-Treibscheibe 


3mo 
V=8mssec. 


Köln- Ehrenfeld 


Vert. N.V.: 
Ingenieurs-Burea 

FERRUM 

HEERLEN 
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WERKEN VOOR 


DE HELE WERELD 


Boorcombinatie 


Een Onverslaanbare 


en Sandvik 


De ATLAS-COPCO lichte boorhamer met zuil 


COROMANT boorstalen dedeneenrevolutie ontstaan toen ze, 


- nu tien jaar geleden - op de wereldmarkt gebracht werden 


Vanaf die tijd zijn ze, - in nauw verband ontwikkeld 
beste combinatie gebleven voor het boorbedrijf en geworden 


tot 


werelds meest gebruikte boorhamer gemonteerd op 


Ss 


zuil en toegepast met monobloc boorstalen 


SItlas Copco Hollandın 
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GEWEVEN GAAS 
VAN DE GROFSTE TOT DE FIINSTE MAAS 
WIDTES UIT ALLE VERWEEFBARE METALEN 


N.V. METAALDRAADWEVERI) 


122 


DINXPERLO - 


N.V. VEREENIGDE TOUW ABRIEKEN 


AMSTERDAM 


ROTTERDAM 


N.V. HANDELMAATSCHAPPIJ v/h 
OVERBEEK & Co. 


GALVANISTRAAT 35 
ROTTERDAM 


Stalen buizen - moerbouten 


Aluminyl plastic buizen 
Kalibers 


Saar) ate® NV 
Telef. 25931 ed Bu F 5 26347 Telex 


Chaseside - Laadschoppen 


Bak inhoud 
380-570-760 liter 


VERSTUIVERS voor VLOEISTOFFEN 


voor luchtbehandeling, materiaalbevochtiging, 
stofbestrijding, stoomkoeling enz. 


Materiaal: brons, roestvrij staal, porselein of kunststof 


30 jaar ervaring | 


A. v. d. KORPUT Ing. Bur. voor Luchtbehandeling 
BAARN - Telefoon 2027 (K 2954) 


| Zeven voor de grofste tot de fiinste scheiding 


De "SYMONS PATENT ROD DECK 
SCREEN” is een klasseerzeef met groot 
nuttig effect. Het zeefoppervlak wordt ge- 
vormd door staven van verenstaal in plaats 

van het gebruikelijke zeefgaas of de geper- 
foreerde plaat. Bij zeer grote toevoer van 
nat of droog materiaal kan een buitenge- 
wone capaciteit worden bereikt. 


Door de lange levensduur van de stalen 

staven ziin de onderhoudskosten van het 

zeefvlak bijzonder laag, waardoor ook de 
| zeefkosten per ton miniem zijn. 


SYMONS ZEVEN 
® FABRIKAAT VAN NORDBERG 


HEAD OFFICE: MILWAUKEE, MANUFACTURING COMPANY 
WISCONSIN. U.S.A. 19 CURZON STREET, LONDON. W. 1. ENGLAND 
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= (0) lifant ondergronds? 


3, dit is de nieuwe Glück-Auf hydraulisch- 
ineumatische omdrukcylinder Olifant 


Type HPVR 15 


dient voor omschuiven (drukkracht 
15-20 ton) en trekken (7-9 ton) 
van zware aggregraten zoals aan- 
drijfstation enz. 


MASCHINENFABRIK GLUCKAUF - GÜNTHER KLERNER - GELSENKIRCHEN 


KERKRADE - ABTENLAAN 58 
Vert: INGENIEURSBUREAU „LIMAHA’’ TELEFOON K 4445-2156 


Any OPHAALMACHINE 


Installatie met speciale regelinrichting, systeem Rapid-Exact. Optimale bedrijfszekerheid bij 
maximale productie 


E. M. ELECTROSTOOM N.V. 
POSTBUS 301 - ROTTERDAM - TEL. 82720 


Gummi- und Stahlglieder- 
Förderbandanlagen 


Schlepperhäspel 
Berge-Versatzschleudern 
Druckluft-Werkzeuge 


Förderkorb- 
Beschickungseinrichtungen 


Wagenumläufe 
Kettenbahnen 


Patentrohrleitungen mit 
Kugel-Schnellverbindern 


Aufbereitungsanlagd&n 


Schacht-Abteufen 
Schacht-Abdichten 
Schacht-Reparaturen 
Gesteinsarbeiten 


HAUPTVERWALTUNG: WUPPERTAL-BARMEN 
Ingenieursbureau Dr. P. Wintgens 
Heerlen, Valkenburgerw. 75, Tel. 5044 (2 liinen) 


Alleenvertegenwoordigers voor 
de Nederlandse Mijnbouw: 


Handelsafdeling van de Machinefabriek R 5 | : (SBELBAG: 
DEN HOLDER N V . a ET DELBAG-LUFTFILTER GmbH 
s e ; I BERLIN-HALENSEE + FERNRUF 977676 


DUSSELDORF-HEERDT- AMT NEUSS 2105 


LEIDEN — POSTBUS 87 | N !EURTRILTER: 


für Industrie - Hygiene - Fahrzeuge 
+ x + x +» x + x + x + x 


no nn” DELBAG-Ingenieursbureau 26 
Apparaten voor de chemische- en S TECHNISCH BUREAU DAHLMAN 
Olieindustrie | o motore Maasstraat 7 : Telefoon 115800 


ROTTERDAM 


Gespecialiseerd op meetflenzen en 


meetplaten, alsmede A.P.l. draden ı waardevolle prog a "Vraagt geheel kosteloos 


en “Unified” draden Nr ste S S s o n onze speciale brochures 
\ \ h Deskundige odviezen Uitvoerige offertes 


„Seruisarm'' 


Dele duizenden malen 


ondergronds in bedrj} gesteld 


spaart de arbeiders, 


verhoogt de arbeidsprestatie 


wi 


Van oudsher staat de DUSTERLOH-Persluchtmotor in de mijnbouw bekend als DE moto 
voor betrouwbare economische aandrijving. Niet minder dan 40.000 stuks zijn tot op heden 
in bedrijf gesteld. Thans is deze motor na demping van het geruis en verdere opvoering van 
vermogen in waarde gestegen. De „geruisarme” motor spaart de arbeiders en verhoogt de 
werkprestatie. De types 3-32 Pk. met &en draairichting en omschakelbaar — ook met drijf- 
kast en regulateur - worden als meest economische en bedrijfszekere aandrijvingen gebruikt 
voor pantsertransporteurs, rubberbanden en krabbanden, kettingbanden, rangeerlieren, mon- 
tagelieren, trek- en wikkellieren, voor schaven enz. Zie onze prospecti. Vraagt bezoek van 


onze ingenieurs.: 


DUu$TERLON 


GEWERKSCHAFTDÜSTERLOH-BOCHUM 


MIITLOCOMNOTIEYEN 


LYCHTICOMPRESSORS 
*“ 


Naamloze Vennootschap 


W. A. HOEK’s 


MACHINE- EN ZUURSTOFFABRIEK 


Postbus 78 - Schiedam 
EEE 


zijn 


TAGE klokpompen 


miingasveilige 


pompen 


De miingasveilige vitvoering van de 
Flygt's pompen is goedgekeurd door 
het mijninstituut te Paturages volgens 
de thans geldende voorschriften. Zowel 
onder als boven water en onder de 
moeilijkste omstandigheden werken de 
electrisch gedreven Flygt's klokpompen, 
zonder toezicht, steeds door. Zoet, 
brak of zout water, eventueel ver- 
mengd met klei, zand of steenslag, 
wordt zonder bezwaar en zonder 
toezicht verpompt. 


FLYGTS POMPEN N.V. 


GROOTHANDELSGEBOUW - ROTTERDAM 


ll, PKORROPREN 
bar 


COATING 


geeft een afdoende 
bescherming van metalen en 
andere bouwmaterialen tegen 
vriiwel elke aantasting 


en kan nu ter plaatse 
worden aangebracht 


Vraagt 
de DURA-KORROPREN 


brochure met 


; >32 gebruiksaanwijzing 
| en resistentietabel 


nog heden 


bij ons aan 


ALLEENRECH 


EN ZIIN OVERZEESE GEBIEDSDELEN 


KONINKLUKELAK- VERNIS- EN VERFFABRIEK 


MOLYN & CO 


POSTBUS 761 - TELEF 82954 - ROTTERDAM. 


» 
u 


&50r 


-PERLITISCH 
GIETIJZER 


N.V. MACHINEFABRIEK EN IJZERGIETER||] 


„HOLLAND-BERGEN OP ZOOM” 


Societe Belge de Mecanisation, S.A. 
Rue Paradis, 75 LIEGE (Belgique) Tel. 52.20.75 


TRAITEMENT MODERNE DES CHARBONS 


Lavoirs en suspension dense par drew-boy : 
Traitement de produits allant de 5 m/m ä 1000 m/m. 
Suppression complete des triages a main (gain considerable de main-d’ceuvre) 


Bacs automatiques & pistonnage pneumatique &quipes d’autodäschisteurs 
Traitement des grains jusque 150 m/m et des fines jusque 0,25 m/m. 


Flottation des schlamms et des poussiers. 


Floculation et decantation des eaux de lavage et de Ilottation: 
Suppression totale de tout envoi d’eau chargee ä l’exterieur. 


Filtration des schlamms flottes, des schlamms bruts et des schistes de flottation. 
Sechage des schlamms bruts et des schlamms flottes. 
Concasseurs de toute capacit& donnant le minimum de declasse&s lins. 


Cribles incolmatables pour produits humides (par effet Joule ou par induction). 


| Ensemble d'une salle de lavage en suspension dense 


SIMPLICITE ® Tres nombreuses references - Devis sur simple demande ® EFFICIENCE 


| Vertegenwoordigd door: N.V. IMCO HOLLAND - Laan van Meerdervoort 2A - Den Haag 


DRUKKER & Zn. N.V. 


es @ Ringdiik 2 -» AMSTERDAM » Phone 50389 _ 53068 
 DIAMONDS 


Er > 
ALLE CORRESPONDENTIE BETREFFENDE ADVERTENTIES, ABONNEMENTEN E.D. 
AAN: „GEOLOGIE EN MIJNBOUW” HOFWICKSTR. 9, DEN HAAG, TEL. 117577 


